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M OTJE 



The pnblicatiou of this Professional Paper is to bo considered merely as a means of bringing 
it before the attention of the scientific world, and not in an^ way as an indorsement of the views 
or theories therein set forth. 



PREFACE. 



An apology for placing this work before the scientific correspondents of this oflSce so long 
after the date of the observations would be due if the great labor involved in the final preparation 
of the manuscript for tho printer were not ai)parent to all. 

Professor Langley is not only too well known to require introduction, but this work contains 
within itself sufficient evidence of his worth, of his skill in original investigations, and of his 
perseverance in overcoming obstacles. It should be said that the aid given him, which he so 
gracefully acknowledges in the text, was necessarily limited. A large part of the exi)ense of 
the outfit was generously borne by a friend of the Allegheny Observatory. 

The suitabih'ty of the site chosen for these investigations led Professor Langley to recommend 
that it be declared a Government reservation, and the President having favorably considered this 
recommendation, it is now available for researches in this and similar fields of inquiry. 

The subject herein treated is one of great importance and value to the meteorological work 
of the Signal Office, and it is esteemed a privilege to publish it in connection with the Professional 
Papers of this Service. 

W. B. H. 
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i)ike(;tok of tuk aixegheny obskrvatory 



LKTTER OF TR A.Isr8M ITT A.L. 



Allegheny Observatory, 

Allegheny^ Pa.^ December 21, 1883. 

General: In transmitting the following report on the expedition to Mount Whitney, it 
appears proper that some account of the inception of its plan should be presented to the public. 

Investigations carried on here for some years had, in 1880, led to conclusions of interest to 
astronomy and meteorology, which it was found desirable to verify by experiments on a very 
elevated mountain. 

The considerable expenditure needed for the special instrumental outfit of an expedition for 
that purpose had been provided by the liberality of a citizen of Pittsburg, and other preparations 
commenced at that time. The bearings of its objects on meteorological knowledge becoming 
known to you, the expedition then received material assistance from the Signal Service, and pro- 
ceeded under your official direction, in July, 1881, to Mount Whitney, in Southern California. Its 
results are so intimately connected with the previous investigations referred to at the Allegheny 
Observatory, and with others undertaken there since on its own account in elucidation of them, 
that they are haixlly separable. 

The donor of the principal means for the expedition, desiring only that its results shall api>ear 
in the form likely to be of widest use, without reference to any private interest, and the trustees 
of this Observatory concurring, I have the honor to now address to you the report of the expedi- 
tion, and with it an account of whatever in this Observatory's own researches is needed in eluci- 
dation of it. 

Leaving it to Capt. O. E. Michaelis, of the Onlnance Department, to make such a report as 
he may think necessary upon the faithful performance of their military duties by the escort and 
Signal Service observers, I desire to acknowledge the obligations of the expedition to him, not only 
in his official capacity, but for his valued voluntary services as an observer, which I have else- 
where spoken of. 

I had every reason to be satisfied with Sergeants Dobbins and Nanry of the Signal Service, 
and I should add that Corporal Lanouette, of the Eighth Infantry, rendered very intelligent and 
acceptable help beyond his immediate line of duty. 

Lhave elsewhere acknowledged the important aid received through Mr. Frank Thomson, Vice- 
President of the Pennsylvania Bailroad Company, and also the assistance rendered by Professor 
Pickering, of the Harvard College Observatory. 

Permit me to take this oi)portunity of expressing my personal thanks for the aid which the 
object I have had so much at heart, has received from you in every way. 
I have the honor to be, very respectfully, yours, 

S. P. LANGLEY, 
Director of the AKeglieny Observatory, 

General W. B. Hazen, U. S. A., 

Chief Sigiml Officer^ Washington^ D. C. 
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INTRODUCTION. 



If the observation of tbe iiinouiit of heat the sun sends the c^irth is among the most impor- 
tant and diitieult in astronomical pliysics, it may also be terme<l the fundamental problem of 
meteorology, nearly all whose phenomena would become predictable, if we knew lH)th the original 
quantity and kind of this heat; how it affects the constituents of the atmosphere on its passage 
earthward; how much of it reaches the soil; how, through the aid of the atmos[»here, it maintiiins 
the surface temperature of this planet; and how, in diminished quantity and altered kind, it is 
finally returned to outer space. 

Meteorologists have till lately occupied themselves more with the secondary effects of this 
solar radiation than with the considerations just referred to, though this primary study will at least 
enable us to survey subordinate and familiar phenomena from a more general point of view, and 
will correct some errors. The knowledge that the solar heat ftmls its way in more easily than out, 
and the inference that our atmosphere acts like the ghass of a hot-bed in raising the temi)eraturo 
of the soil — even this knowledge, imperfect and misleadiug as it may be when thus stated, has 
been most useful in giving us a key to subsidiary phenomena. It seems doubtful, however, whether 
even the meaning of this has always been clearly apprehended, when we find Sir John Herschel (a 
distinguished meteorologist as well as an eminent astronomer) saying <^» • • the climate of the 
moon must bo very extraordinary; the alternation being that of unmitigated and burning sunshine 
fiercer than an equatorial noon, continuing for a whole fortnight, and the keenest severity of frost 
far excelling that of our polar winters, for an equal time. • • • The surface of the full moon 
exposed to us must necessarily be very much heated, possibly to a degree much exceeding that of 
boiling water." 

It is here evidently implied that a planet at the earth's (or moon's) distance from the sun 
would merely suffer great vicissitudes of temperature, if deprived of its atmospheixj, while yet 
that the mean temperature of the cycle of day and night would not be greatly altered; and 
though the labors of Tyndall and others have given us some idea of the way in which our own 
atmosphere may act, not merely as a conservator against the vicissitudes of radiation in djiy or 
night, but in raising this mean temperature itself, we have had till very recently scarcely any just 
conception of the processes by which it does so, or of the surprising extent to which we are 
indebted to its action. 

According to the results of experiments made in the years 1880 and 1881 at the Allegheny 
Observatory, all the tln^rmal phenomena we have been alluding to, and on which the existence of 
organic life depends, depend in turn on a little-regarded property of our atmosphere {selective 
absorption), without which, though it retiiined all its present constituents and transmitted all the 
heat it doi»8 now, the temperature of the soil, even in the tropics at mid-day under a vertical sun, 
would fall to some hundreds of degrees below zero. 

Observations made later confirmed the opinion that, so far from the temperature of the soil 
l>eing chietiy due to the direct solar rays, these rays alone are far too feeble to melt the mercury 
in our thermometer bulbs,* and that this direct solar radiation is actually insignificant, compared 
with the temperature which the atmospheix) through this selective absorption educes from it. 

According to the present view of physicists, the solar energy is conveyed to us in vibrations 
varying from a wave-length of less than .0003 mm. to one indefinitely greater (the longest measured in 

* I tbiuk a similar tttatoiuunt has been made by Mr. Ericssou. 
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12 BESE ARCHES ON SOLAR HEAT. 

the preseut inve8ti^<ition being about .003 mm.), some of which vibrations (those only whose wave- 
lengths are from 0.0004 mm. to .0007 mm., or violet to red) affect the eye with the sensation of 
light; all of which, so far as is known, produce chemical action; all of which, without exception, 
convey heat. 

"Light," '* chemical action," "heat," then, are not qualities inherent in the xay, but names 
given to the different manifestations of one and the same radiant energy, which is interpreted to 
us in terms depending upon the wave lengths of the ray, and on the medium through which it 
passes or on which it falls. 

Let us, to gain clearer conceptions, suppose one of these rays isolated* from the rest, and, as 
au example, let it be one whose wave-length is about 0.0004 mm., which, when it falls on the 
retina, gives the sensation of "violet light," which, falling on certain salts of silver, darkens them 
("chemical" action), and which falling on a sufticiently sensitive thermometer covered with lamp- 
black woald be absorbed by the latter and cause " heat." 

Considering now the particular ray instanced, in reference to its heating power alone, we 
observe, in view of what has just been said, that everything we know about it we know through 
some particular medium on which it acts, and that what we learn aboat it is generally true only 
of this ray and not of another. Our thermometer, for instance, according as its bulb is covered 
with white lead or lampblack, gives a wholly different account of the amount of heat in it; and 
if we could measure the heat in this ray above the earth's absorbing atmosphere, and again at 
the earth's surface, we should find a notable difference, showing that only the smaller part of it 
is transmitted. (In this particular case we find that if the sun's heat were all of this quality the 
soil would receive only about 40 per cent, of it.) 

If, now, we consider some other ray, for instance one at the other extremity of the spectrum, 
whose wave-length is over .0020 mm. ("dark heat"), we find its visual, chemical, and heating 
effects altogether different. Though quite iis energetic as the first, it is invisible (t. e., to us, though 
it may affect some other than the human retina); it has no chemical action on the previous sub- 
stances (though it has on certain others) ; and, as regards its heat, it will very possibly be insen- 
sible to the surface which absorbed the first, while the same instrument, if its bulb be coated with 
some other substance, may reveal its presence. Finally, we observe, by methods to be described, 
that more than nine-tenths of the heat in this last case is transmitted by our atmosphere; so that 
if the sun's heat were all of this quality, the soil would receive (normally) over 00 per cent, of it. 

Like facts could be learned of au unlimite<l number of he^it rays. Each differs from the others, 
not only in amount but in kind. We know the heat of the ray only through its action on media; 
and everything we know of those media through which the rays collectively pass (e. (jr., the atmos- 
phere), or on which they collectivelj'^ fall (e. </., the surface of the soil or the thermometer bulb), 
shows that these distinguish between different kinds of heat with an actually infinite minuteness 
of discrimination^ letting one kind pass and holding back another, as though by an intelligent 
choice. It is to this action that the name of ^^ selective absorption^ has been given. 

The foregoing general considerations lead at once to others of practical import ; for instance, 
to the conclusion that the thermometer must be a very imperfect measurer of radiant heat ; and 
we are led also to ask how far all our present conclusions aa to such heat (derived as they chiefly 
are through the thennometer) may require revisal. Probably most of those who use it, while 
aware that there are varieties of heat which it cannot discriminate, supi)ose that it still gives the 
total amount correctly. It will api>ear, however, more fully later that it not onl}' gives an inade- 
quate amount for the heat which actually falls on it, but that in estimating the amount of heat 
emitted, as in the case of the sun, its use leads to gross errors, in a matter of fundamental impor- 
tance. 

From what has preceded, we are by no means to conclude that the thermometer can be dis- 
pensed with, but that its indications need here to be interpreted through observations made by 



* Ah tlio wavo-loiigth chaii>;oH continuously, not abruptly, wo cannot by any pliysical nicHns actually inolato an 
absolutely homogeneous ray, such as our diftcrcutial formnhR consider; and what is here said is to l>e understood as 
true, with a more and more close approximation, as the width of our actual heat-pencil is made less. As all our 
actual observation must be on hoat-i>encil8 of sensible width, this restriction is important and should not be forgotten. 
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some instroroont whicb can discriiiiiiiiLtt; t>etw(;(5ti tliv ililferent kinds uf liuat. And this ifl, abnw 
all, iieocK8!iry when wv are trying to estimatG the amount of solar hcnt before absorption (the solar 
comtant). 

CoiiM we ascend above the atmo8()licre, this Ucat might l>e directly uiensnred. Evidently, 
sinvu this is im[tossiblc, and since we can only observe the [wrlion which filters down to us after 
absorption, we must add to this observed remnant » gnantity c<inal to that which the atnmsphen^ 
has takt.'n out, io order to reproduce the origiinul amount. 

To find what it has taken out, wo must study the autiou in detail, and, from the knowknlye 
thus pilncd, frame a rnle or formula which shall euablu us to infer the loss, siuce we ciiunot directly 
determine it. 

It is because the exact determination of the solar constant thus presuppoten a minute knotrkdi/e 
of the trny in trfticft tke gwn'a heat w afwied hy the eiirth''H almonphcre; an<i because every change iu 
our atmosphere comes from this same heat, that tbe solution of the problem interests meteomlogy 
as well as astronomical physics. 

We have just seen that nothing less than a complete knowledge of the laws under which the 
atmosphere is governed by solar heat, woidd enable us to frame the exact rule for finding the lat- 
ter, but (Jiongh such knowledge really exceeds human jrawers, most observers have cont4-nte<l 
themselves with a simple and prinutivo hyiiothosis, in using which they n^ally ignore the infinitu 
complexity uf the prolilem here presented us, and assuming that it is as simple as we conld wish 
it to 1m;, proceed to compute the solution by such a formula as it would be most convenient to ns 
if nature would follow. Thus, owing to the t«mptsition to accept as still sulllcicnt any limo-honored 
scientific dogma, which has respectable sponsors, the simple formula established over a ceutnry 
ago by Bouguer and consecrated by the use of a nerachel and a Ponillet, to whom it embodied all 
tbe knowledge of their time, is commonly used today by observers, who have only to look about 
them to see that it has long ceased to express the fiicts known to our own. 

To justify this language, let us consider what the problem apiiears to be at a first glauctt, and 
what tbe first suggestion is for solving it. If a beam of sunlight enters through a crevice in a 
dark mom, tbe light is partly interrupted by the dust particles in the air, the apartment is visibly 
illnminated by the light reflected from them, ami the direct beam having lost something by this 
process, is not so bright after it has erosst'd the room as before it entered it. If a quarter of the 
light was thus 8oattere<l, the beam after it crossed the room would be but three fourths as bright 
as when it entered it, and if we were to truce tho now diminished beam through a second apart- 
mefffal together like the other, it seems at first reasonable to supi>ose that the same proportion, or 
three-foarths of the remainder, woidd lie trausmitte<l, and so on, and that the light would be the 
same kind of light as before, and only diminished in amount. Tbe assnmptiou originally made by 
Bouguer" and followed by nerschel and Ponillet was that it was iu this manner that the solar heat 
was interrupted byuiir atmosphere, and that by using such a simple progression the original heat 
oonid be calculated.! 

Now, it is no doubt trne that a very sensible portion of light and heat are scattered by an 
analogous process in our atmosphere ; but we have in our present knowledge to consider that heat 
ia not a simple emanation, but acompound of an infinite number of radiations, an<l that these are 
affected in an infinite diversity of ways by the different atmo.spheric agents, the grosser dust par- 
ticles affecting them nearly all alike, or with a general absorption ; the minuter ones beginning tu 
act selectively, or, on the whole, more at one end of the spectrum than another ; smaller particliw, 



u of ubHuliitely jili'titli'nl 



•Bonguur, TnW de la Ininitre. Pariit, 17G0. 

t Let UR (livitlu 111 1 in agination nay homugeDL>oiia nbsorbing uiccliiiiu into siiccue 
tbiokDow and chemickl cuUHtUtitioii. 

Lot A Ih< a source uf nuliniit bust whi>si> intcriHity is reduced by pnasnge tliroiigb tbe first atratniii to (Ii>l iia snp- 
poM) i (or 0.T5) of thu first. Tlion, since the srcoud atraturii iH iilcntical in conBtitiition uud aiiioimt nitb the flml 
and niiiBt (it imwanmcd) bavo aa identical effect, it nill nlworb I of what ontors it, and A (IxT) - -I'f A ot A (0.75) ■, 
vill emerge from tbe HeiMind, { of thin =£S A or A (0.75)-'', will emerge fmui the thini, aiid po on, the jierceiitatce tritiw- 
mitted b; tbe unit of thiobnewi (tho "aotfieieiit of IraHtmiMiion") beiiiK evidentl; the cainmon mtjo of a ((eoiaetrickl 
progTesslou, bo tlinC if the original huat he A ntid the ciwIBateut of transmlaalou ji, tho ainoniiL of Jinat after [iiiflBiiig 
Ibrougb t ittrnt* will be Aji*. 

To apply thia prinui{ilo totbi- cut i mute of the beat oiil.sidu tliu almosidjurc (i. c, liuforealisorplioti), k-t 8 Iw asiiiall 
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whether of dust or mist, and smaller still, forming a probably continuous sequence of more and 
more selective action down almost to the actual molecule, whose action is felt in the purely select- 
ive absorption of some single ray. 

The effect of the action of the grosser particles then is to produce a general and comparatively 
indifferent absorption of all rays, so that the spectrum after such an absorption would simply seem 
less bright or less hot. The effect of the smaller ones is, as has just been said, to act more at one 
end of the spectrum than another, with a progressive absorption, so that the (quality of the nidia- 
tion is sensibly affected as well as its quantity. The effect of the molecular absorption is to fill 
the si>ectium with evidences of the selective action in the form of the dark telluric lines, taking 
out some kinds of light and heat and not others, so that after absorption what remains is not only 
less in amount but quite altered in kind. Between these three examples of absorption, we repeat, 
an unlimited number of others must exist; but we shall need here for simplicity to treat the whole 
as coming under one or the other of these three types, a procedure already more accurate than 
the primitive one followed by Uerschel and Pouillet, but which we recognize to be still but a con- 
vention, which is imposed on us provisionally b^^ the actual complexity of nature. 

It will be seen now more clearl}^ that the whole process, still in almost universal use, is 
founded on a pure assumption, for no one has actually been without our atmosphere to see what 
the absorption is, and it is simply taken for granted that the same proportion of heat will be 
absorbed by one like stratum as by another. On .actually trying the experiment, however, with 
nicilia in the laboratory, Melloni long since observed that like proportions were not absorbed by 
like strata; and the reason was found in the fsict that nuliant heat is not a simple emanation, but 
the sum of an infinity of diverse ones, each with its own separate rate of absorption. It follows 
that the coetlicient of transmission is truly constant only in the Ccose of the absolutely homogene- 
ous ni3', which the thermometer cannot in the least discriminate, and hence, that the original heat 
of the sun, and the amount absorbed, cannot be ascertained correctly by this instrument and this 
rule. lMiysicist« have been slow, however, as we say, in making this application of Melloiii's 
principle to the present ca«e, but hsive continued to deduce the solar constant from thermometric 
observations, in which the heat is either treated as absolutely homogeneous, or in which its non- 
homogeneity is scjircely recognized as a factor of importance.* This neglect to make what seems 
so pertinent an application of Melloni^s observation, even after it had been explained and extended 
(by Biot), will seem more explicable, when it is remembered that no direct means of measuring 

portion of tlie enrth's surface and £K the upi>er Burfaco of the atmosphere^ which is hero supposed, for simplicity, t 
be of uniform density and constitu- 






tion. (The effects of the actually 
unequal density of successive strata 
can, it is assumed, be calculated S 
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is least, FS, (iS, KSy the lengths {W/i-'"'^''' \ \ \ [__ 

of the paths of the rays as the sun js 

sinks lower (lengths easily comput- Path of Rays in the Atmosphere, 

able) ; an<l, to lix our ideas, let FS 

=2 ESf (iS=3 ESf KS=i ES, etc. The original heat A would, if the sun were in the zenith, become kp after 
passing through one stratum (ES); and, according to what has been assumed, it would become (if the sun's zenith 
distance were ESF) Ap- afler absorption by the two strata between /'and S, Ap^ after absorption by the three strata 
between (r and ^, etc. A, the original heat, and p, the coefticient of transmission, are unknown ; but if we make an ob- 
servation of the heat actually reaching 8 along FS (let us call this heat b) and again later in the day along A'.V (calling 
this second observed quantity c), we have iu the particular case supposed 

Ap^=b 
Ap*=c 

whence A and|> both l>ecome known, and it is evidently easy to extend the solution to the general cane of any numbrr 
of strata. «. Ap* = <, then, in the exponential formula of Pouillet, and of later investigators, whose fundamental 
(and erroneous) assumption is, that the coefficient of transmission (p) is a constant. If it be notu constant (and I 
shall prove that it is not), the whole suiierstructure falls to the ground. 

* Exceptions to this remark, however, are to bo made iu favor of the work of Principal Forbes and M. Crova. 
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the absorption in even approximately homogeneoos rays till very recently existed, and that 
departure from the old formula which ignores the difficulties, involves their recognition, and the 
devisal of new processes to meet them. 

The writer has demonstrated that in neglecting to observe approximately homogeneous rays 
we not only commit an error, but an error which always has the same sign, and that the absorp- 
tion thus found is always too small. He accordingl}' devoted much time to the construction of an 
instrument (the bolometer, which will be described in its place) for the special study of such heat 
rays, and, with this, observations were carried on in the years 1880 and 1881 at Allegheny, with the 
conclusions which have just been stated. With this instrument the heat in some approximately 
homogeneous ray (that is in some separate pencil of rays of nearly the same wave-length) is 
measured in the pure and normal spectrum at successive hours of the day, and the calculation of 
the absorption on Bouguer's principle (justly applicable to strictly homogeneous waves) gives the 
heat outside the atmosphere in this approximately homogeneous portion with a degree of approxi- 
mation, depending on the actual minuteness of the part examined. The process is then repeate<l 
on another limited set of rays, and another, until the separate i)ercentage and the separate original 
heat is found for each heat pencil directly or by interpolation, and then finally the whole heat, by 
the summing of its parts, the result being that the solar constant is much greater than it was 
believed to be, and the absorption of the atmosphere much greater. 

With whatever pains we measure, however, we remain at the mercy of the fluctuations of our 
lower air, and are compelled to make assumptions which we would gladly avoid. Thus, we are 
compelled to assume that the absorptive powers of the air are the same throughout the day, 
though this is at least doubtful, even in the case of the most absolutely pure sky. We are obliged 
to assume that like masses of air produce like absori>tions, which is doubtful, even when the ray 
absorbed is sensibly homogeneous, and we must assume that the air above us is disposed in 
concentric strata, while our observations tell us little of its true disposition. On these and many 
other points, we know just enough to distnist our own enforced assumptions, without being able to 
]K)siti vely verify or disprove them. Besides such difliculties as these arising from our ignorance, we 
are met with almost insuperable physical ones coming from the incessant clouds, mist, and clianges 
of our lower atmosphere, which the observer knows only too well, and which make it literal)}^ true 
that not one day of unexceptionable conditions is to be found in an average year, while yet daily 
observations must be commenced with every clear morning, since we never know which is the day 
which may prove fair to its close. 

These remarks must be borne in mind in reading the account of the preliminary observations 
at Allegheny, on the absorption of the heat in the spectrum, given in the following chapter — 
observations which it is necessary to supply hero, as they were the immediate cause of the 
expedition and are intimately connected with its work. 

The meteorological reader is asked to bear in mind throughout, that (in tlie opinion at least 
of the present writer) the master-key to some of the most in)i>ortant problems of his science is to 
l)e found in the hitherto unrecognized study of the selective absori>tion of our atmosphere for heat. 



RESEARCHES ON SOLAR HEAT AND ITS ABSORPTION 

BY THE EARTH'S ATMOSPHERE 



CHAPTER I. 

PRELIMINARY OBSERVATIONS ON SELECTIVE ABSORPTION AT ALLEGUENY 

DURING 1880 AND 1881. 

The heat in the spectrum formed by a prism is not only diminished in an uncertain degree by 
absorption in its substance, but is dispersed in a manner diflfering with every prism and exactly 
expressible by no known formula. The spectrum formed by a reflecting grating, on the contrary, 
is nearly Iree from absorption, and may be strictly normal, so that measurements with the grating 
possess the inestimable advantage of enabling us to fix the wavelength of every ray measured; 
but, while the average heat in the grating spectrum is, at best, less than one-tenth that in the 
prismatic, the latter is itself, when taken in portions so narrow as to be approximately homogene- 
ous, almost insensible. 

As the best thermopile was found incapable of measuring heat in such narrow portions of the 
grating spectrum, I was led to the invention of an instniment for this purpose, the bolometer 
{fioXTfy /if rpov), whose construction will be found described in the Proceedings of the American 
Academy of Arts an,d Sciences, Vol. XVI (1881). With this apparatus the experiments on the 
diftraction s[>ectrum were resumed; the first entirely unquestionable evidence of measurable heat, 
in a width so small as to be properly described as linear, having been obtained on October 7, 1880. 
Nearly the whole year 1880 passed in modifications of the instrument, or in the making of these 
meiisures which gave promise from the first of bringing results of value. 

When we have first with this measured the heat directly in the normal spectrum formed by a 
grating, we can return with advantage to the prism, whose indications now become intelligible. 

In these first measures, which were carried to a wave-length of .001 mm.,* I employed two of 
the admirable gratings of Mr. Rutherfurd, one containing 17,206 lines to the inch, or 681 to 
the millimeter, and the other one-half that number, l)oth ruled upon speculum metal, and I used 
a slit at a distance of 5 m. without any collimator, keeping the grating normal to the optical axis. 
It will be seen, then, that the rays passed through no absorbing medium whatsoever, except the 
sun's atmosphere and our own. 

The rays from the grating fell upon a concave speculum (whose principal focal distance was 
about one meter), and from this were concentrated upon the mouth of the bolometer, forming a 
narrow si>ectrum, which passed down the case of the instrument and fell upon the bolometer 
thread. As this thread moves along the spectrum parallel to the Frauenhofer lines, its coincidence 
with one of them is notified by a lowering of its tem|>erature and a deflection of the galvanometer. 
The instrument is, of course, equally sensitive to the invisible radiation as to the visible. It is 
important to observe that no screen is inter|K)sed between the bolometer and the grating, for the 
temperature of the screen itself, as it is replaced or withdrawn, will certainly attect such measure- 

* Through these measures the unit of wave-length wiU be the uiicron (//) = ^jx^^ ram., or 10,000 times the nuit 
of Angstnm. Thus the wave-length of Frauenhofer's "A" is here written 0#*.76. 
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nioiits iV8 thcBC. Through the whole course of the experiment the l>oIoineter is uiiinterrupte<lly 
exposed to ra<liations from the gratiug, whether reflected by it, or emauatiiig from its own sub- 
stance. The interruption of the solar radiation is affected at the other end of the train, 5 meters 
l)eyond the grating itself. In the gratings employed, one of the second si>ectra is very feeble, or 
almost lacking. The rays of the second spectrum are necessarily sui)erposeil on those of double 
the wave-length in the first; and as all evidence of solar radiation in the mo^t sensitive apparatus 
at the sea level dies out near \ = 0''.3 in the ultra violet; it follows that we can measure down in the 
first 8i>ectrum as far as A = 0^.6, or in fact further, without any fear whatever of our results l>eing 
afl'ected by the underlying second spectrum, even if that were a strong one. We have, therefore, 
knowing the amount of heat in the second spectrum at 0^.5, and knowing that our ultimate point 
of measurement at l^'.O in the first spectrum overlies 0*^.5 in the second, the means of asserting 
with confidence that no considerable error can be introduced from this cause, after an allowance 
has been mside here for the minute effect of this actually weak second si>ectrum. An allowance is 
also made to reduce the effect to that which would have been observed with a grating so coarsely 
ruled BS to cause no considerable deviation from the slit of any portion of the spectrum measured. 
The bolometer (in a constant position relative to the concave min*or, such that the optical axis of 
the latter bisected the angle between its central thread and the center of the grating), was moved, 
together with the mirror, by a tangent screw in arc, so that the spectrum appeared to traverse its 
face. 

The actual angular deviation of any ray under examination was obtained from a divided circle, 
on which the arm carrying both mirror and bolometer moved. A parti(uilar description is not 
given, as the whole apparatus was rephiced by a more perftHJt one later. That actually used will 
be intelligible by the sketch (Fig 2), where S is the slit, G the grating, M the concave mirror, B 
the bolometer, and C the divided circle. 

The light came from the silvered mirror of a heliostat, passing through the slit, at a distance 
of about 5 m. from the grating, which was bolted immovably above the center of the circle of a 
massive dividing engine, with the grating's plane always perpendicular to the line joining its 
center and the slit. The mirror and the bolometer, with their attachments, were fastened to this 
movable circle. 

An allowance has beeu made for the absorption of si>eculum metal and silver, but the 
absorption of the iron strips of the bolometer has only been indirectly allowed for. This has beeu 
done by comparison with the iiction of a bolometer, with lampbiacked surface. The wave lengths 
are derived from the measured angles by the use of the formula 

naX = sin i + sin r, 

where n is the order of the spectrum, s the space between the lines of the grating, X = the wave- 
length of the ray, t the angle of incidence (in the present instance 0^), and r the angle of diffraction. 
In the early observations it appeared from the examination of the diffraction spectrum up to 
X = 1/^.0, that the energy in the invisible part as far as this was much less than in the visible. 
Nothing definite is, even at this time, known to physicists as to the extent of the normal solar 
siiectrum ; but the prismatic spectrum is still very commonly supposed to be limited by theoretical 
considerations to an extent little greater than this; and one of those most conversant with the 
subject has treated this wave-length (i. c, 1/^.0) as marking the limit of everything known to exist.t 

t Draper, ''On the PhoBphorograph of a Solar Si>octrum, and on the Lines in the Infra-red Kogion," Proceedings 
of the American Aca<leniy, Vol. XVI, p. 233, December, IHpO. He auika: '*Do we not enc<mnter the objection that thin 
wave-length, 10,7.'>0^ '"(the limit of Captain Abney'H map), is altogether beyond the theoreticiil limit of the pris- 
matic spectrum f" Previous measurements of heat had, it will be remembered, been nuMle by coniparing its total 
amonnts, in the visible and invisible prismatic si>ectrnni, which givos um no knowledge us to wave-lengths in any 
caM(«, and wave-lengths in the dark-heat region had been eHtimate<l, by hazardous extrapolations, fnmi contnulictory 
fonuuhe — fonnuhe which profess a theoretical basis, but contra<lict each other. Thus Miiller iinds, by Kodlenbacher's 
fonnula, a wavelength of nojirly 5^.0 for the extreme stdar heat rays; Dra^n^r (as we have just seen), a wave-length 
of but lA'.O for the same rays, &c. All these formula* (Uriot's, Caucby's, t&c.) agree well with the observations in 
the visible spectnimy which they have in fact been originally deduced from. Th(>y contradict each other thus grossly 
when used for extrai>olating the place of the extreme infra- reil rays, whos4) real place we give later from actual 
measures. 
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It seemed at first, then, improbable that the heat below the red should materially exceed, or 
even equal, that above it; for this would demand (since the heat shown by the last onlinate at 
X =1''.0 is very small) an extension of the curve of heat, as obtained from the grating, to a dis- 
tance enormously beyond the furthest limit then assigned to the normal spectrum by experiment. 
The writer's further investigations, however, led him to believe that this immense and unverified 
extension really existe<l, and to thus confirm by independent means the statements of Tyndall and 
others ivs to the great heat in this region. lie was unable to determine its exact limit with the 
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Arrancoment of Appanitafl for Moaguring 
Angular Direction of a Ray of Heat. 



grating as then used, on account of the overlapping spectra, but was some two years since led, 
from experiments not here detailed, to susi)ect the existence of solar heat at a distance of ne^arly 
four times the wave-length of the lowest visible line A (^ = 0''.70), or at ^ = S^.O.* 



* Seo Comptes Itendus de Vlnstitui de Frmnce, July 18, 1881. 
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We receive all the solar radiations through an absorbing atmosphere, and it was the special 
object of these investigations to det^jrmine, not only the amount of heat in each ray, but the sepa- 
rate absorbent action of the atmosphere on each. 

The great difficulty in this investigation, after the jirovision of a sufficiently delicate heat- 
measurer, lies in the varying amount of radiant energy wliich our atmosphere transmits, even for 
equal air-masses. The solar radiation is itself sensibly constant, but the variations in the radiant 
heat actually transmitted are notable, even from one minute to another under an apparently clear 
sky. The bolometer, in fact, constantly sees (if I may use the expression) clouds which the eye 
does not. That these incessant variations are in fact due to extraneous causes and not to the instru- 
ment itself has been abundantly demonstrated by measurements on a constant source of heat. 
Those taken, for instance, on a petroleum lamp, so placed as to give nearly the same galvanometer 
deflection as the sun did, were found to indicate a probable error, for a single observation, of less 
than one per cent. The variations from minute to minute (under a visually clear sky) amount, 
frequently, to ten times the probable instrumental error, and they can only be partly eliminated 
by repeating the observations a great number of times on many different days. It is probable, 
too, that there is a systematic change in the absorbent power even of a given air-mass as the sun 
approaches the horizon, but this point may be considered later. Actually, twenty-nine such days' 
observations have been made (as appctars below) in the preliminary series, but it would be an error 
to suppose that this number was obtained without the sacrifice of a still larger number on which 
the appai-atus was prepared, and the day spent without results, owing to the still more considera- 
ble atmospheric changes between morning and afternoon. Even of the twenty-nine days cited, ami 
which may be considered exceptionally fair, it will be seen that in only ten cases did the sky con- 
tinue sufficiently constant in the morning and afternoon to allow complete series to be taken. 

It will bo understood that we aim to make at least two sets of measures throughout the spec- 
trum daily, one when the rays have been little absorbed (at noon), the other when they have been 
greatly absorbed (in the morning or afternoon). It will be understood, from what has preceded 
that the exi)oneutial formula of Pouillet, founded on the assumption that like masses absorb like 
proportions (though misleading as applied to the complex radiations noted by the thermometer, 
and rigorously applicable only to strictly homogeneous rays), is yet more nearly applicable to those 
which form the subject of these experiments, for though these cannot be absolutely homogeneous, 
we nniy consider them as nearly so, asthey are i>hy8ically measurable by the most delicate means 
knowji. The mass of air, through which the rays pass, is taken proportional to secant C, for zenith 
distances less than (55o, and for those greater to 

• 0.0174 X tabular refraction 

cosine apparent altitude 

The unit mass of .air is that for which secant C=l, or that vertically above an observer at the 
sea-level, and whose weight is represented by the mean barometric i)ressure of 760 mm., or 7.6 dm. 
The coefficient of transmission of heat for this unit-atmosphere is here called <?, so that heat, 
which was E before absorption, becomes Ea after absorption by one such unit stratum, and j&a" 
after absori)tion by n strata. 

It is convenient ^o employ in the i>reparatory computations, as the unit of mass of mercury 
in the barometer, one decimeter. If we choose to employ as our unit for the barometer, the ^vhole 
height of the column at sealevel, we must then divide the value of the barometric pressure hero 
given by 7.6. The mass of air through which the rays pass then being proportional to the 
aetual barometric pressure may be expressed in units, each of which is represented by the press- 
ure of one decimeter of mercury at the sea-level. Since we may take any unit we ])lease, we nia^^ 
if we wish to do so for any special puri)Ose, treat this as the unit of air-mass, and call its coefficient 
of transmission by some special name. Thus if t were the coefficient of transmission for an air 
mass, represented by one decimeter of mercury, t^^= a, and either (for a homogeneous ray) gives 
the transmission for an entire atmosi)here. The coefficient of transmission fur one atmosphere {a) 
is then the proiK)rtion of the radiation transmitted by a sun in the zenith to an observer at the 
sea level (where the barometi-ic pressure is 7.6 dm.), and this is here shown to be (under constant 
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atmospheric couditions) constant for any given ray, but to vary greatly from one to another. 
Thus by reference to Table 6, we find of three solar rays, whose wavelengths are 0'*.375, 0'*.600, 
1>».000 that of the ray whose wave-length is Om.375 (in the ultra-violet), 61 i)cr cent, of the original 
energy would be absorbed and 39 transmitted; of wave-length 0^.600 (in the orange) 36 per cent, 
would be. absorbed and 64 transmitted; of wave-length l'*.(KK) (in the infrared) 20 per cent, is 
absorbed and 80 transmitted, &c. 

The following list shows the dates at which bolometer observations were miide at Allegheny 
up to June, 1881, for the measurement of heat in the spectrum and the determination of atmos- 
pheric transmission, by the comparison of noon and afternoon measures. Those days on which 
noon measurements were taken, which were rendered useless for this purpose by subsequent 
changes in the condition of the sky or by other causes, are indicated by an asterisk. It will be 
seen that of twenty nine days of observation only ten could be fully utilized, and that all of the 
year 1880 may be considered to have passed in the exi)eriment and practice which mmle the 
observations of 1881 eftective. 

Dates: 1880, November 12,» December 11,» December 18 ;• 1881, January \2* January 18,* 
January 28, February 2, February 3,* February 5,* February 17, February 19,* February 22,* 
February 26,* March 2,* March 10,* March 11,* March 25,* March 28,* April 7,* April 16,» April 
22, April 23, April 28,* April 29, April 30, May 4,* May 26,* May 27,* May 28. 

We will select as an example of an actual day's observations those of April 29, 1881. The 
record is made in a book prepared for the purpose, from which a copy of the original entry is here 
given. 

1. Station: Allegheny. 

2. Date: April 29, 1881. 

3. Wet bulb, 11^.11 O. ^ 

4. Dry bulb, 120.67 0. 
6. Black bulb, 24^.44 0. 

6. Barometer, 735 mm. 

7. Temperature apparatus, I60.O 0. j 

8. State of sky, milky hluCj with frequent clouds, 

9. Ai>erture of slit, 0.004 m. 

10. Slit to grating, 4.85 m. 

11. Orating to mirror, 1.094 m. 

12. Mirror to bolometer, 1.15 m. 

13. Orating used, No. 2, large. 

14. Weak second spectrum thrown tvest. 

15. Oalvanometer used, " Elliott No. 3.^* 

16. Bolometer used, "No. 1, oW (iron). 

17. Rheostat used, "Mercury" and resistance box. 

18. Setting on D, (south vernier), 125o 31'. 

19. Deflection battery galvanometer, div. 250. 

20. Oonstant of battery galvanometer, 0.00954. 

21. Current of battery, 0.239 Ampere. 

22. Reader and recorder at spectro-bolometer, F. W. V. 

23. Reader at galvanometer, W. A. K. 

24. Estimated weight, all of equal value. 

25. Remakks. — The galvanometer drift was moderate and tolerably uniform. Its amount at 
the time of each deflection has been determined, and the necessary correction for it is included in each 
recorded reading. 

The conditions of observation which have changed during the day are the following. (When 
the original readings were on the Fahnmheit scale, they have been ro-duced to Centigrade.) 



> at 9 h. 15 m., a. m. 
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Timo. 



WetlMilb 

Dry bulb 

Diffcronrc 

FoiTft of va|M>r 

R(*lativo hamidity, per cont . .. 
8an tli<*miom(^t4;r (black bulb)' 

ExcvHH of black bnlb 

T«nii»oratiiro apparatuR 



Table 1. 








9>> 15- a. m. 


11* 30" a. m. 


1* SS- p. m. 


5* 45" p. m. 


11°. 11 C. 
120. 67 C. 

1°. 56 C. 
8"-. 92 

81.8 
240. 44 C. 
IP. 78 C. 
16O.0 C. 


120. 22 C. 
14". 89 C. 

2^.67 C. 
8«"-.99 

7L4 
3P.11 C. 
16°. 22 C. 
180.5 C. 


IP. 67 C. 
ISO. 00 c. 

3^. 33 C. 
8--.20 

64.7 
3P. 11 C. 
160. 11 C. 


IP. 94 C. 
14°. 44 C. 

2o. 50 C. 
8— .92 

72.2 
19°. 17 C. 

4°. 72 C. 







* The black bulb tbormomotor, whone roading in tho nnn in rocordivl al>ovo, wan mounUMl in a thin glaiis inclofluro filled with air at atmoa- 
p1icricprt»iiHiin«. An oxccMof tlie tbermonioter of 1 P.6 C. above the shado tcmporatiiro corroHponde<l to 1 calorie of the Poaillet pyrhclionioter 
(iin<x>rrort<'d). 

The sky remained of apparently the sarao character during the day, namely, "milky blue 

with frequent clouds." 

Table 2. 



A-: 



O'^.STS I 0'*.40 



I 



St'tUnp Houth vomitT 134*21' 133^21' 



K»'32«to8*43-'a.ni... 

H* 43* to 9* OS"* a. ni . . . 

Morning incauR. 



4 

15 



15 
29 



0^.45 


0^.50 


0^60 


0^.70 


o'^.so 


13P 18' 


129° 15' 


125^02' 


- - • w 

120° 41' 


116'^ OH' 


45 


117 


143 


195 


132 


85 


135 


169 


198 


138 



0'*.90 

IIP 21' 
94 
92 



1^00 



106O 14' 
90 
82 



10 



22 



05 



126 



156 



197 



135 



11^40" a. m. to 12^ 02" p. m . 



12*«»2"' to 11*34"' p.m. 
Noon mcaii** — 



15 

15 

1 
19 



13 



31 
26 



133 
92 



140 
161 



252 
218 



243 
226 



152 



126 



29 



113 



151 



235 



235 



139 



.5^ 07- to 5'' 20"- p. m ' —15 

32 
5* 2<)» to 5»» 30~ p. ni -«- 1 



10 

3 

12 



40 
49 



65 
59 



Afternoon means. 



49 



62 



94 
119 



119 
112 



71 
72 



93 86 


103 
96 


88 
90 


100 89 


70 
46 


59 
73 



107 



116 



72 



58 



66 



The arrowB indicate the order in which tho nieaRnrenientR were made. 
T)ie unitrt are t)ie arbitmr>' divisions of tho scale of the galvanometer. 

The state of the sky in these observations is the primary consideration. An absolute deep 
blue over the whole sky, except the hoiizon, such as may be seen in Colorado or in some parts of 
California, is almost unknown in Allegheny. The l)est days for our purpose are those where the 
blue of the sky is seen between passing clouds at times when these seem to sweep the sky nearly* 
cUmui of all traces of mist or haze between them. Yet even here the blue is not, to a critical eye, 
the blue of the sky of the Colora<lo table-lands or the African desert. The wonl "milky," above 
omi)loyed, must be understood as used in comparison with the recollection of a nearly i>erfect sky. 

The grating used, described as -'No. 2, large," was the second of two large gratings ruled on 
Mr. Kutherfunl's engine by Chapman, giving IJ inches square of ruled surface. The galvanome- 
ter, " No. 3," was a very sensitive Thompson's rellecting galvanometer, by Elliott Bros., of the most 
rer^jit constniction. 

When the astatic galvanometer is in a condition of great sensitiveness, it is in a condition of 
partial instability; and under these circumstances, minute changes in the temi>erature of the room 
and of the instruments will alter its directive force slowly fnmi hour to hour, so that the image 
has a motion uiK)n the scale due to this cause, quite independently of the diurnal variation, a 
motion which is observeil whether the thermo-pile or bolometer be used, and to which extraneous 
<!auses in either of the hist instruments cx)iitribute. This motion is here called "the drift." (It 
has lHH»n grwitly diminished, by various improvements since the observations here described.) 

The lK)lometer used, desiirilKMl ivs "No. I," was composwl of Hfteen central strips of 
iron, exiM>sing iM) square millimeters of surface. (Api>endix No. I.) The setting on I), is that 
givfu by an eyei>ieee mounteil in a cylinder like that in which the bolometer is incsused, and 
intrn'hangeable with it, so that the optical axis of \\w one and the thermal axis of the other may 
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be miule to coincide with precision. The battery galvanometer determines the strengtii of the cnr 
rent, which is kept constant during the day. The constant of the battery galvanometer is the 
number by which the deliection must be multii)lied to give the current in Amperes. The reiulings 
are taken by exposing successively in the i>ortions of the spectrum chosen, beginning in the violet 
end and going down to the infrared at I'^.O, and then returning to the violet so that two readings 
are tsiken on every point. It is the mean of these two. sets of readings which is given above, and 
which constitutes a series. 

The heat corresponding to A = 0''.375 is very feeble at the sea-level, even with a high sun, and 
almost disappears at the low sun observation. It is only, then, on days of unusual clearness that 
the heat in this ray, and others of shorter wave-length, can be well observed, except at noon. 
The reader will observe that the mean time of the morning observations was at 8** 4G'" a. m., when 
the sun's distance from the meridian was 3** 11"', and that those of the afternoon were taken at the 
mean time 5^' 20'", p. m., when the sun's distance from the meridian was 5*» 23'". During the 
morning observations, then, the sun's rays had a smaller air mass to traverse than in the afternoon, 
and the result is shown in the larger galvanometer deflection. It will be observed that the 
absor[)tion for any given ray depends, in theory, upon the mass of air traversed, and not on the 
length of the path ; but that this mass, for zenith distances of less than G5<^, being almost exactly 
proportional to the length of the path — that is, to sec C— we may use this expression in finding the 
mass. Evidently if the air be heavier, as shown by the barometer, the mass will be greater, and 
sensibly so in proportion to the increased weight, whence the mass of air traversed (in the case of 
the actual example, and others where the zenith distance is less than 65^) will be Mfi = sec C x /^, 
where M is the length of the ray's path through the atmosphere, thfit from a zenith sun being 
unity, and (i is the barometric reading (here expressed in decimeters). For zenith distances 
greater than 65^, we use the formula, derived from that of La Place, where 

,^_ 0.0174 X tabular refraction 
~ COS. app. altitude ' 

which gives the mass with more than sufficient correctness for our purpose, even when the sun is 

approaching the horizon. From the observed times, then, we find respectively for the morning 

and afternoon observations 

Sun's hour angle = S** 11'", O** OC*", S** 23'", 

Sun's zenith distance = 48° 46', 25^ 50', 73o 3G' ; 

the corresponding values of iV being 1.517, 1.111, 3.501, the value of the barometer above given 
being unchanged through the day, fi = 7.35 dm., and the consequent air masses being as follows : 
in the morning 11.15, at noon 8.17, and in the afternoon 25.73. 

The heat in any ray from the center of the sun may be treated for our present pur|)ose as 
being constant. The heat in this ray, as it would be observed before absori^tion at the upiHjr 
surface of the earth's atmosphere and at the sun's mean distance, would be constant also, but 
would sensibly vary with the earth's distance from the sun, being greatest in winter, when the 
earth is in perihelion, and least in summer at aphelion. Let p = the radius vector, unity being it« 
value at the earth's mean distance, whence, to reduce any observation to what it would have been 
if taken when the earth was at its mean distance from the sun, we have only to divide it by p*. 
We observe, however, that the present observations being for the pur|>ose of comparing the heat in 
one ray with another and of determining their coefhcients of absorption in the earth's atmosphere, 
changes of their relative heat, introduced by the variation of the earth's distance from the sun, 
are quantities of the second order, and all of them negligible. It is not necessary, then, to apply 
the coiTection just given to the present bolometric observations, though it cannot be omitted from 
any determination of the absolute amount of heat. Our data above obtained, then, are sufficient 
for determining the heat in this ray, and the coefficient of transmission; for, calling E the original 
rate of emission of solar energy, a the coefficient* of transmission of a ray from a zenith sun 
through the entire terrestrial atmosphere at sea level (whose pressure is equivalent to that of 7.6 
dm. of mercury), and d, the galvanometer defle<*.tion produced by this heat at noon, d,, that in the 

* It has been fonud desirable to niudify tbo original notation of Ponillet, wberc A is tbe solar constant, p tbc 
coefticieut of transmission, e tbe air-iuass traversed by tbe ray, and i tbe temperature for tbis notation embodies ideas 
wbicb bave been so greatly changed tbat new symbols are more appropriate. 
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aftcruoon, and observing that M, p, is the number of units of air-mass interposed at noon (= 8.17,) 
and M„ /9„ the number of units of air-mass interposed in the afternoon = (26.73), we have evidently 

M, fii M„ Pti 

^7.6 <* 7.6 

since the heat emitted from the sun is sensibly the same at all times of the day, whence 

Substituting in the above equation the numerical values just given, we find, from a comparison 
of noon and afternoon values on April 29, 

loir a - (^^^ ^'' " '^^ ^^^ ^ ^'^ 
log a- ^^^ , 

and from the morning and noon comparison 

loir a - (*^^ ^'' "" *^^ ^') ^ ^-^ 
log a- 2^g^ 

Hence we obtain the following results for this day's observ^ations, remarking that in such a 
climate as that of Alleghcu}' considerable differences in the coefficients of the most refrangible 
rays will be found on different da^s, because these rays, as has been observed, almost wholly dis- 
appear in the earl^^ morning or late afternoon, and the probable error of their value is very great. 

Table 3. 



*,= 



Apnl29. 1881: 

From morning and noon obnervationA. a = 
Fruiu afternoon and noon obi»ervationii, a= 



375 



Average value of a = 



.512 
.663 



I 



588 



.40 



.495 
.573 

.534 



45 



.244 
.697 

.471 



.50 


.60 


.70 


.80 


.90 


1.00 

.016 
.879 


1 

.631 
.682 


.352 
.712 


.637 
.738 


.927 
.753 


.831 
.791 


.657 


.532 


.688 


.840 


.811 


.808 



We now give in the following table a summary- of all the early observations at Allegheny, 
which can be utilized for a determination of atmospheric transmission. Tlie example just given 
in full, will serve as a type of the rest. 

Table 4. 

The observed galvanometer deflections are reduced to a scale on which the readings are pro- 
portional to the current passing through the galvanometer. 

d, = galvanometer deflection with high sun. 
d„= galvanometer deflection with low sun. 



A = 



1X81. 



Juniiar}' 2H y 

February 2 i ^' 

February 17 ^' 



d, 
dn 

d' 
d„ 



April 22 

April 23, a. m 

April 23. p. ni ^' 

A pril 29, a. m 

April 29, p. m J 

^^p"»3o 2: 



177.5 
122.5 



d, 
dn 



May '.'8. 



d, 

dn 




.000 



144 
116 



123.5 I 
80.5 



191 
187 


, 121 
122 


191 
140 


121 
80 


139 
135 


100 
93 


139 
72 


100 

58 


175 
166 


119 
97 


89 
61 


64 
33 



1.000 



102 
78 

93 

47 

71 
39 

08 
84 

94 
96 

94 
66 

89 

86 

89 
66 

90 
VO 

52 
39 



The next table gives the sun's position and the corre8iK)nding air-mass for each series in the 
previous table. 



PRELIMINARY OBSERVATIONS. 



25 



Table 5. 



Date of obnervation. 



1881. 
January 28. 
February 2 
February 17 
April 22.... 
April23.... 
April 23 ... 
ApHl29 ... 
April 29... 
April 30... 
May 28 







High sun. 








Low sun 


. 






Snn'8 

hour 

angle. 


Sun's 

zenith 

distance. 


Barome- 
ter ifi,). 


Air mass 
(M; p„). 




Sun's 

hour 

angle. 


Sun's 

zenith 

distance. 


Barome- 
ter 0„). 


Air mass 
(M„ p„). 


A. tn. 


o / 


d.m. 




A. tn. 


O ' 


dLm. 




M. 


00 


58 29 


7.45 


14.25 


P.M. 


2 67 


71 28 


7.45 


23.24 


M. 


00 


57 09 


7.39 


13.62 


P.M. 


3 00 


70 45 


7.39 


22.24 


M. 


38 


52 57 


7.43 


12.33 


P.M. 


2 56 


66 09 


7.42 


ia25 


M. 


12 


28 13 


7.36 


8.35 


P.M. 


4 36 


66 22 


7.36 


1&32 


M. 


11 


27 40 


7.40 


8.37 


A.M. 


245 


45 30 


7.40 


10.56 


M. 


11 


27 49 


7.40 


8.37 


P.M. 


4 26 


63 57 


7.40 


16.85 


M. 


06 


25 50 


7.35 


8.17 


A.M. 


3 11 


48 46 


7.35 


11.15 


M. 


06 


25 50 


7.35 


a 17 


P.M. 


623 


73 36 


7.26 


25.73 


M. 


04 


25 31 


7.41 


a 21 


A.M. 


3 54 


56 31 


7.41 


13.43 


M. 


11 


19 03 


7.32 


7.75 


P.M. 


5 33 


71 14 


7.32 


22.33 



By combining the high and low sun observations of each day separately, the following coeffi- 
cients of atmospheric trausinissiou are obtained by means of the formula 

where ar.e is the coefficient of vertical transmission by air at a barometric pressure of one decimeter 

♦Table 6. 



A = 



1881. 



January 28... 
February 2 . ». 
February 17 . . 

April 22 

April 23. a. m 
April 23, p. m 
April 29, a. m 
April 29, p. m 

April 30 

May 28 



.376 



.756 
.837 
.898 



.916 
.947 
.971 



Mean a^ *= 



1 

7.6_ 



Adopted o' °= 



887 4:. 022 



884 



Transmission for one at- 
mosphere » a =r 



392 



.400 



.910 
.851 

« OOo 

.910 
.847 
.930 
.912 
.929 
.907 
.824 



.460 



.866 
.884 
.915 
.911 
.956 
.831 
.964 
.959 
.849 



688i:.008 .903±.011 



.892 



.420 



.909 



.486 



.600 



914 
889 
881 
934 
961 
942 
941 
951 
957 
909 



.600 



928 db. 006 



.923 



.644 



.957 
.914 
.893 
.959 
.991 
.961 
.872 
.956 
.980 
.933 



.700 



.957 
.964 
.934 
.972 
.967 
.959 
.942 
.961 
.979 
.953 



.800 



1.000 
.927 
. 866 
.964 
.990 
.964 
.990 
.963 
. 980 
.975 



.942i:.008 



958i:.003 



.963±.008 



.942 



.900 



.976 



.968 
1.005 
.962 
.976 
.970 
.961 
.956 



1.000 



.971 
.925 
.904 
.985 

1.009 
.959 
.989 
.983 
.978 

1.001 



97l±.004 



. 970 1. 007 



.956 



966 



.970 



686 



.705 



.763 



.794 



.971 
.799 



*' It sh<m1d be understood that, owing to the inc-essant changes of our atmosphere, years of obHorvation might be spent without giving to 
this table all the exactness which is finally attainable. Later obserTations. carried on tlirough the changing seasons of a whole vear, and 
with improved apparatus, appear to show that all these coefficients should be somewhat mo<liDed. They are nere given as examples of the 
results first attained. 

The noon observations on like rays, where made on successive days, through like air masses 
shoald give nearly like results, if the transmissibility of the atmosphere for heat were always the 
same for the same mass of air and the same ray. A compatison of this with the preceding tables 
shows, however, that the heat transmissibility must often change considerably from one day to 
another, even when the sky is clear on both. We are forced, (at least in these preliminary 
researches,) to make the ordinary assumption that the transmissibility is constant between noon 
and afternoon ; but we recognize that the transmissibility does probably change even in these few 
hours, and that this assumption, though it is usual and here necessary, cannot be considered exact. 

If we take the probable errors of these coefficients, we shall, in accordance with what has just 
been observed, find the largest probable error attached to the shortest wave-length. The probable 
errors derived from each column by the ordinary process are given against the values marked 

"mean a'®." If these values be made the ordinates, and the wave-lengths the abacissje. a smooth 
curve may be drawn through the points. A line drawn between the points representing the original 
and entirely' uncorrected observations of a gives the smooth curve in Fig. 3. The very slightly 
12535— Mo. XV 4 
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different values given by the smooth curve are adopted as those of a, and a consideration of the 
manner in which these values have been obtained, of the probable errors, and of the illustration, 
will put the reader in full iwssession of all the means of forming a judgment on the trustworthi- 
ness of the results which thewriter himself possesses. If ho bear in mind that being obtained on 
only approximately homogeneous rays, there is reason why they should in theory (as is demonstra- 
ted later) indicate rather too Large than too small a transmission. One remark may, however, be 
made in relation to the probable errors of the numbers corresponding to 0^^.90 and l'*.00. There is 
here a very great interruption of the sj)ectral energy (see A .94 on the chart of the normal spectrum). 
In these eiirly observations with a wide bolometer, the neighborhood of this ** crevasse'' in the curve 
was a source of slight irregularities, which appeiir in regard to these wave-lengths. 

F'iff, J. 
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Coefficients of TraDsmisaion for the Respective Wave Lengths "a". — (Allegheny.) 

Tp to the time of observation, it had been almost universally admitted by physicists that the 
infnvretl heat was in general more absorl>e<l by our atmosphere than the luminous. This is the 
testimony of many, and even at the date of writing these lines (Oetoln^r ISv^*^) it may l)e consid- 
ennl to lie still the genenilly reeeive<l opinion, so far as the most recent and approve<l treatises on 
physicjn ci^n l>e recognize<l as the exinments of scientific opinion cm this iH)int. As soon as accu- 
rate means had l>een devisetl for comparing the absorption in the infni-red with that in the lumin- 
ous part of the sjiectrum, evidence In^gan to accnnuilate that the latter was really the least 
transmissible. C'onsidering the weight of authority apiinst his own conclusion (that the infra-re<l 
heat within the range of his researches was more transmissible than the luminous), the writer felt 
Innind to rt»iH*at his exi>eriments in every manner and with every precaution. The nnider's si>ec*jal 
attention is ci^Ueil to the nature and weight of the evidence given in the prece^ling table to the 
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ftict of the grefttly increasctl traDsmission of beat rays of as great a wavo-longth aa 0""".00I over 
those in the lumiuous part of the Biiectnim. Imleeil, it ia here seen that eiccupt in the caao of 
ahaorption bauds each wave-length is, broadly speaking, more traiisuiiKsible aa it is found farther - 
and farther in the infra-red. 

We may a<ld, that, besides tite above days of exceptionally uniform atmospheric conditioiia, a 
great number were partially ntilized when the series were ko intermpted by the gathering of mist 
or clonds that they have uot been cited here at all ; but that in all casea the observations have 
been fouud to lead to the same result here given, aud to warrant us in statiug that, speaking 
without regard to local absorjttions like those of the telluric lines, the coefficients of transiuissiou 
iticretue with the wave-length from within the observed range of A = 0'.375, in the ultra violet, to 
A = l-.OO of the infra-red. 

Ou many days, which do uot appear above, when both moruing and afternoon series could not 
be obtained, goml noou series were observed. Those on which good noon series only were 
obtained cannot be used for finding coefficients of trausmissiou, but may still be useful, if we like 
to compare the relative transmission of these rays in spring and in winter. For this purpoae, all 
good uoon observations have been reduced to a uuiform battery current of 0.25 amperes, and the 
results, arranged in two setc, the first for winter and the second for spring measures, are aa follows, 
the values given being defiections of the galvanometer in divisions of its arbitrary scale; 

Table 7. 

WINTER. 



" 




' 


.too 


..» 


.MO 

3M 


.000 


.TOO 


.» 


.«. 


1.00 


1 ISBO. 

1 Occ«nb»r 18 ... 

1 1881. 


A.i». h.w. 

1.00- i.as 


S3 
25 
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220 
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Jl 


88 


IM 
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328 


2» 


172 


111 











STATE OF SET DURING THE ABOVE EXPEBIMEKT8. 

December 18. — Sky cleared unexpectedly to a good blue. 

January 28. — Fair milky blue sky, continuing very fair to close of day. 

Februav!/ 2,— Sky hazy, improving towarda noon ; p. m. very thickly milky. 

February 3. — Sky unusually clear and fVee from haze, except in measures on .70U, .8UU, and 
1.000 when thin cirrus had commenced txt form. 

February 5. — Sky hazy. 

F^rvary 17. — Sky hazy, irregular, but becoming more uniform after noou, thicker at the last 
observations, p. m. 

February 22. — Sky hazy, halo around the sun, occasional wispa of cirrus. 

Table 8. 

SPBIHG. 
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HTATK OK TIfK HKY DUKINO THE ABOVE EXPERIMENTS. 

JUartfh UK' Hk.v ii tliic^kly tiiilky tiluo, lUiarly uniform. 

4/</nfA 21^.— Hky ffiir hlii(% with paMMiriK cloudH. 

W</r<»A 2H,-^Hky fiilr, milky blii«. 

/1;/r// \i»^K%vv]U^ui bliii^Mky; li^tit' domlfi paHHlii^. 

April 22. -Milky bliio Nky, uniform, but incn*aHin^ Hliglitly in tliickness tbrough the day. 

Ainil 2.'>. Hky rathi^r tliiukly milky, only mcHlerately K^x>d, but quite regular. 

Affril *J\l Hky milky blui^, with froquc.nt clouds; apparently of about the same intrinsic value 
all day. 

April ;(0.~-Hky milky blue; n(*arly the Hamc aH on April 20; milkiuess slightly increasing. 

Maif 12.- Hky ndlky blue, with oiu'iiNlomd cIoudN. 

1*ho liiNt line of nirli tiible giveN a Nummary, that for the winter detlections being the mean of 
N(«von Nerl<«M, and lor tlio spring the mean of nine Herien. The absolute galvanometer deflections 
InlereNi un little. What In moNt impcutant is a eompurison of their relative amounts. 

11ie bolometer, like the thermoplh*, In an luHtrumeiit intended primarily for differential work. 
I4veii ir the iilmolute iimountN of heat meuNured by it were open to (juestion, this would be a matter 
of Neeoiidary Imptutanee were the relatiri resultH trustworthy. As a matter of fact, however, 
the aliMolnte amounts of heat Indleated by the bolometer, when the same instrument is used 
under the Mume eondltioiiN, are found to be mueh more exact than the writer (who did not have 
thlN end primarily In view in its eonstruetion) nnticipated. It may therefore be interesting at 
IhlN Nta^e to nppl.v tln^ eorreetloUN tor the selective absorption of the materials of the apparatus, 
NO l^ir UN they nre kno\Nn, whieli will tend to give the values of these measures in terms wiieuce 
the aliNolute nmonnt of energy in eneh rny (*an be ealeulated with a certain approximation. We 
ivpeat, however, tinit It In tln^ relative auKMints of energy whi<^h the instrument is primarily designe<l 
\\\ fiiinlNh, NVe will obnerve hert^ that, in aeeordanee with the general considerations already 
hitiiMlueed (Nee p, A of Inti^iduetion), we admit that what the sun sends us is, properly speaking, 
rHfr^ijy, eon\e>ed in vibratlouN of certain wavelengths, and that this energy, after falling on the 
ndriiMMif our Nidenmtat, the mirtUeeof our grating, and that of our Udometer strip or thermometer 
bulb, eauNCN tinally ivrtaln uieehanleal etIW'ts in our galvanometer or thermometer, which we take 
to be phiportional to the heat in the ia>» '^heat *' U»lng the name we give to the solar energy-, as 
tulerpivted to un by the alu^ve mentioned media, each of which exemses some mimite degree ot 
m>leell\e abNorptlon ot Its own. Thus, even if we supiHtse that our apparatus were phiced at the 
upjH^r huid of the atanv^pheiv, ixHviviug theiv the unuuHlitled solarenergy, the silver of the siderostat 
adrhir wouldi l\)r (uNlaneo, of two ini^vs of equal energy, one in the blue, the other in the infni-reil, 
alM^irbt \\\ the act of ivfUnqion, moiv of the former than of the latter, so that the two would be 
uuiHpod atler ivtleettou f^xuu the slderiKHtat, though espial befoiv; and the heat in each, when it fell 
on the bolometer or thermometer, would not Ih^ pixqHUtional to the original energie^ii. Another 
m^bM^tlve aotton takt^ plaet^ thitmgh the metal of the ivtbvting gniting, and still another through 
lUe gla»N and meivnr> \\\^ the theimometer, or thi>>ugh the inm or platinum of the Udometer, or 
llM>m^h the hunpblaek \\\\\\ \\\\\k\\ tluvne an* iHuennK If all the j^dar energy, of whatever wave- 
len|itth% N^eiv Ih^iUhI (ndi(t\Mvnti> b> ^v^eh of tluvn^ sul>stan\H\s ^e\en if each al^^rUnl s^nne of it), 
the Hual i^vhuU, oi the i^Hiding of the thermometer or jkjalvanometer, would evidently U* pn>|H>r- 
IhMial lo the energy of the original rti^x, ami the ivlatixe ht>atii iu aiv> t\>o mys w%mM l^» strictly 
^ io%><*Naiv %^ the ivlatixe eneigi^v^ %wiginall> M^nt in them ^Nirthwanl trvmi tlw sun, Tbcmgh the 
5ii^KvU\x* ivlKvtHMi »hieh the i^\ ha^^ sutVere%l in \mr \vitoptne api^amtus Iv much lt»««i iiu|¥irt;uii 
l^ai^ thai whh^h »ouK) t^iWe plaw >fcUh a lens am) pnsiiu >et ev%^ry i^r; ha« exexvi^^^Hl :!i^mie 
ilKx^mm\^M ^M il» ONxiiv We wiK^lud^s then, lU^t if we wmld deteruiim* tht* ^js^^Kvtiw aUsik^riUHm iW" 
%^^h ^i^iVMl aiul amke a wviwIh^i Hmt H% we ?di^HiKl rtv*^t\Mv tU^ evjH^t i^^^yrtHnis \^^ the \«ni:iii;U 
^I'^^liN eVKxhMil m dilH'i^ml wax^^ Wi\gtli^ We %\illlH^ %lo this wuh alvsii^ute e\5i^"ttH'^<< Init m i^w 
|HMti\'M a* wv Mi\\>%>%\l oi \UMng »^\ >mH \mr llm%l ainl \\utwtt^l r^>e^U;5i N^ |vr\^HMrtKHwil to ilh? 
xxiA^ma) %>^^>ix U5ieJt\ 
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We have also to make corrections, first, for the overlapping portion of the weak second spec- 
trum, which is found from experiment to have an intensity of -^ that of the Urst spectrum ; second, 
for the diminution of heat in the diffraction spectrum, with increase of the angle of diffraction, 
which is here taken as proportional to secant r. % 

These last two corrections are instrumental and independent of the selective absorption. On 
applying them to the last table we get the following results : 

Table 9. 



A = 



Correction I (snbtracti ve) 

Correction II (factor) 

Winter, 1881 (corrected for I and II) 
Spring, 1881 (corrected for I and II) . 



.375 


.40 


.45 


.50 


.60 


.70 


.80 


.90 


1.00 


0. 


0. 


0. 


0. 


0. 


0. 


AXd ^, 


1.166 


a'aXd. „ 


3.005 


2.067 


1.606 


1.448 


1.301 


1.227 


1. 192 


1.145 


03.2 


182.0 


305.9 


425.7 


426.7 


317.8 


201.5 


122. 5 


92.7 


54.1 


117.9 


223.8 


315.7 


365.6 


332.5 


221.7 


135.3 


99.6 



We are now prepared to apply the corrections for selective absorption. The third correction 
is for the absorption by three surfaces of silver deduced from independent experiments at Alle- 
gheny not here given. 

The fourth correction is for the absorption by the surface of speculum metal. There remjiins 

the possible selective absorption due to the bolometer strip itself, or to tiie lamp-black with which 
it is covered. It is usual to neglect the selective absorption of lamp-black upon the thermopile, 
and, indeed, there is so much doubt as to what this selective absorption is, and how it is exercised, 
that it is difficult to take it into account. Our own investigations upon it are not yet completed. 
We are led by them to think it probable that lamp-black is almost transparent to certain infra- 
red rays, which, however, lie beyond the limits of the part of the spectrum we are now study- 
ing. Between >l=0>'.375 and X=:l a^OOO, it exercises a certain selective absorption which is how- 
ever, treated here as negligible, since, on repeating our experiments, both with lamp-black and 
without, we do not find within the present limits any differences deserving remark. We must 
admit, however, that the ignorance which we, in common with all physicists, labor under concern- 
ing the selective absorption of this substance in the infra-red, is much to be regretted. Rigorously 
si>eaking, then, we ought perhaps to describe our present results as giving the energy (to use Mr. 
Lockyer's expression) "in terms of lamp-black absorption.'' Applying these corrections, we now 
have the following results : 

Table 10. 



A = 



Correction III (factor) 

Convction IV (factor) 

Winter 1881 (corrected for I, II, III, and IV) 
Sprinjc 1881 (corrected for I, II, III. and IV). 



.375 


.40 


2.000 
1.034 

192.6 

111.9 


1.923 
1.039 

363.4 

235.4 



.45 



1.8<»2 
1.051 

579.3 

423.7 



.50 



1.605 
1.064 

767.9 

569.6 



60 



l.S.'iO 
l.OOti 

724.9 

621.0 



70 



1.4G0 
1.138 

527.9 

552.5 



80 



1.408 
1.193 

338.3 

372.3 



.90 



I 



1.00 



1.389 1.370 
1. 266 1. 366 
215.4 I 173.6 
238. , 234. 6 



We repeat that, in the degree in which we have above eliminated the selective absorption of 
the media of the apparatus, we are entitled to speak of the resultant values i^ proportional to the 
solar energy itself. We do not suppose ourselves to have accomplished so untried and difficult a 
task with exactness, but regard these curves as useful as a first approximation to the absolute 
energy curve. 
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The air-masnes on the days iucladed in this summary were as follows 

Table 11. 



Date. 



1880. 
December 18 

1881. 
January 28 . 
February 2 . 
February 3 . 
February 5 . 
February 17 , 
February 22 



Mean 

hour 

angle. 



h.nt. 
1.19 

0.00 
0.09 
0.39 
0.07 
0.38 
0.06 



Sun's 

ssenith 

distance. 



66 30 

58 29 
57 00 
57 30 
56 12 
52 57 
50 26 



si, p. 



18.31 

14.25 
13.62 
13.78 
13.37 
12.33 
11.51 



Mean air-mass for winter 13.88 



Date. 


Mean 

hour 

angle. 


Sun's 

zenith 

distance. 


M. /3. 


1881. 
March 10 


0.14 
0.18 
0.07 
0.53 
0.12 
0.11 
0.06 
0.04 
0.64 


o / 

44 26 

38 38 
37 17 
32 58 
28 13 
27 49 
25 50 
25 31 
25 00 


10.22 
0.33 
9.18 

13.98 
8.35 
8.37 
8.17 
8.21 
8.16 


; March 25 


i, March 28 


Aprill4 


April 22 


April23 

April 29 


April 30 


May 12 






Mean air-mass for spring.... 




9.33 



If we take these same winter observations and select special observations made at the same 
altitude in spring, we obtain, by a process readily understood from what has preceded, the follow- 
ing results, in which we suppose the same amount of heat in spring and in winter, represented in 
each case by 1000, to fall upon our bolometer, the mean altitude of the sun at the time of observa- 
tion being the same. 

TA.BLE 12. 

OBSERVATIONS AT THE SAME ALTITUDE OF THE SUN. 



A = 



.375. 
.40 . 
.45 . 
.50 . 
.60 . 
.70 . 
.80 . 
.90 . 
1.00 . 



Winter. 



192.6 
363.4 
579.3 
767.9 
724. 9 
.•i27. 9 
33a3 
215.4 
173.6 




71 

119.8 
275.6 
369.1 
439.0 
433.9 
298.5 
191.4 
166.4 



I 



49.6 

93.7 

149.2 

197,7 

186.6 

135.9 

87.1 

56.5 

44.7 



1000.0 



30.2 
50.6 
116.5 
156.1 
185.7 
183.4 
126.2 
80.9 
70.4 



1000.0 



It will be seen from tables 10 and 11 that, although the absorbing air-mass was during the winter 
ne^irly half as large again as in the spring, the heat received from the shorter wave-lengths was 
actually greater in the winter. (See also columns "Winter'^ and "Spring" of the table just 
given (12), where it is seen that for equal air-masses the actual infra-red deliections were not 
greatly different at the two seasons, within the limit of these observations.*) It appears probable, 
then, that the transmissibility of the atmosphere for the lightpro<lucing radiations is relatively 
greater in winter than in spring. As this effect may be connected in some way with the unequal 
prevalence of atmospheric moisture at the two seasons, it may be well to state that the tension of 
aqueous vai)or during the winter observations was in the neighborhood of 2 millimeters, in the 
the spring of 8 millimeters. 

We now proceed to the calculation of the energy outside the atmosphere, for homogeneous 
rays, with the data which have been given. For this purpose we have used the formula — 



LogE = \ogd,-^^l^'. 



log a. 



* TIiiH rc8trictioii niuHt l>o uotice<l. The wide absorptiou bancU subsequently discuvered Id the iufra-re<l lie below 
the liiuits of these early rt'searches, which cover but a small part of the great infra-red region. It wouhl l>e prema- 
ture, then, to base any general conclusions as to the effect of water-vapor upon the invisible heat region, in these 
early obm^rvations. It may )>e observed, in regard to the whole subject of winter and spring comparisons, that to 
obtain the same air-mass in winter we havato observe systematically at a different time of day than in spring, and 
we have already remarked that there is probably a systematic change in the quality of the absorption as the sun 
approaches the horizon. It is with the latter fact in view that I have written above : ^'As this effect may bo connected 
with the unequal prevalence of atmospheric moisture," &c. 
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Where E is the energy in any ray outside the atmosphere (t . e., before tellaric absorption), di, 
the average galvanometer deflection at noon for the same ray, /^i, the barometer pressure in nnit« 
of one decimeter, or the mass of air in the vertical column ; JIfi Pu the corresponding air-msiss for 
the sun's zenith distance at noon, and a the adopted coefficient of transmission for the ray in 
question by an air-mass of unity, represented by 7.0 dm. in the barometer. 

Table 13. 



WINTER. 
Ml ^1 =13.88. 





1 


Mii9ix 








A 


i^K«r6 


1 
Log a 7.6 


Logdi. 


LogE. 


E. 

1065 


.376 


—.0535 


—.7426 


2.2847 


3.0273 


.400 


— .04»6 


—.6885 


2.5604 


3.2480 


1774 


.450 


—.0414 


—.5746 


2.7620 


3.3375 


2175 


.500 


—.0348 


—.4830 


2.8853 


3.3083 


2335 ! 


.600 


— .0269 


—.3595 


2.8603 


3.2198 


1650 


.700 


—.0200 


—.2776 


2.7226 


3.0002 


1000 


.800 


—.0155 


— . 2151 


2.5203 


2.7444 


555 


.000 


—.0132 


—.1832 


2.3333 


2.5165 


329 


1.000 


—.0128 


-.1777 


2.2394 


2.4171 


261 



Table 14. 

SPRING. 
Mi/3i=9.33. 





I 


Mi^i X 








A 


Log a 7.6 


1 
Log a 7.6 


Log di. 


Logfi. 


£. 


.375 


—.0535 


—.4992 


2.0486 


2.5478 


353 


.400 


—.0496 


—.4628 


2.3718 


2.8346 


683 


.450 


—.0414 


—.3863 


2.6271 


3.0134 


1031 


.500 


—.0348 


—.3247 


2.7555 


3.0802 


1203 


.600 


—.0250 


—.2416 


2.7931 


3.0347 


1083 


.700 


—.0200 


—.1866 


2.7423 


2.9289 


849 


.800 


—.0156 


—.1446 


2.5709 


2.7165 


519 


.000 


—.0132 


—.1232 


2.3766 


2.4998 


316 


1.000 

1 

1 


—.0128 


-.1194 


2.3704 


2.4898 


309 



Table 15. 



MEAN OP WINTER AND SPRING. 



Mi/3i = 11.6. 



1 

1 


1 


Mii9i X 






1 


Log a 7.6 


1 
Log a 7.6 


Logdi 


Log B. 


1 

.375 


-.0535 


—.6206 


2.1826 


2.8032 


.400 


—.0496 


—.5754 


2.4763 


3.0517 


.450 


—.0414 


—.4802 


2.7002 


3.1804 


.500 


—.0348 


—.4037 


2.8253 


3.2290 


.000 


—.0259 


—.3004 


2.8280 


3.1284 


.700 


—.0200 


—.2320 


2.7326 


2.9646 


.800 


— . OL-iS 


—.1798 


2.5506 


2.7304 


.900 


— 0132 


—.1531 


2.35.'>5 


2. .'^086 


1.000 


-.0128 


—.1485 

1 


2.3098 


2.4583 



E. 



636 

1127 

1515 

1694 

1344 

922 

538 

323 

287 



The following table has be^n prepared with the values observed in the spring of 1881, using 
mean coefficients of transmission, to show the relation between energy outside the atmosphere and 
that for high and low sun at Allegheny, the various actual absorbing air-masses at the low sun 
observations being reduced to a uniform value, double that <at high sun. 
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Tablk 16. 



A = 

1 


.375 


.400 


.450 


.500 


.600 

1083 
621 
311 


.700 


.800 


.900 

316 
238 
167 


1.000 

309 
235 
167 


E — enorjjy bofora absorption 


353 

112 

27 


683 

235 

63 


1031 
424 
140 


1203 
570 
225 


849 
553 
324 


519 
372 
246 


d, = energy pfter ab0or|)tion (corrected higb Run)... 
d„ = energy after abfturption (correcte<l low son) 



B can be computed from d, and f7„ by the formula already given, and with these values the 
curve's in Plate I have been plotted. 

The middle curve (I) is that showing the distribution of the energy in the normal spectrum 
at high sun. Except for the heat below wave-length I'^.O, the area of the curve may be considered 
to represent the heat actually observ^ed by the actinometers at noon, as presently given. Its maxi- 
mum ordinate is near 0**.60 in the orange-yellow. 

The lower curve (II) is that at low sun. Its area is proportional to the heat received when the 
sun shone through double the absorbing air-mass that it did at noon, and it will be seen that the 
maximum ordinate is near wave-length 0*».70, or near the extreme red. 

The upper dotted curve is 'Hhe curve outside the atmosphere." It« area will give the heat, 
which would be observed if our apparatus were taken wholly above the absorbing air, and the 
distribution of this heat (energy) before absorption. Its maximum ordinate is near 0'».50 to 0^65 
in the green. 

If we know the values in calories corresponding to the middle curve, we can now obtain the 
absolute heat before absorption, i. e., the solar constant. 

It should be noticed that if we had attempted to deduce this latter value, by applying our loga- 
rithmic forniula3 directly to ordinary actinometric observations (i. e., to observations where only the 
indiscriminate ettect of all beat rays is noted by the thermometer) made at high and low sun, we 
should have obtained a quite different result. This has been the usual process, but it can never be 
a correct one; for, we repeat, these exponential formulae are in theory only applicable to homo- 
geneous rays. 

The above values (in Table 16) are relative only. To obtain absolute ones we have now to 
combine this result with the actual measurements of solar radiation in calories, or other units fur- 
nished by actinometers under approximately the same conditions. We shall at the same time 
thus obtain a preliminary value for the solar constant. Taking the mean of our observations with 
the Violle and Crova actinometers on clearest days, we have 1.81 calories* observed at Allegheny 
in March, 1881. This is the absolute amount of heat represented by the area of a completed "high 
sun" curve. 

To this result, the energ}^ distributed through the whole spectrum has contributed, while our 
lK)lometer measurements in the diffraction spectrum end at wave-length 1^.00. Nevertheless, since 
we do in fact know from subsequent measures (to be given later) where the effective spectrum ends, 
we can by the aid of these later measures prolong the curves and obt^iin their relative areas with 
close approximation. In this way we determine, by measuring the charted areas, and making 
allowance for the (here) uncharted area below A = 1^.0: 

An>a outside curve alK>ve A = 1^.000 47.17 

Area outside curve below A = 1m. 000 2fi.49 

Total 73.60 

Area liij^h sun curve above A = Im.OOO 26.96 

Art»a higb »uu curve l)elow A — Im.OOO 20.00 

Total 46.96 

i Area outside curve = 73.66 

The ratio of these areas is< = 1.569 

( Area high sun curve = 46.9() 

* Tbem' values iu the case of M. Crova*s actiuoiuetcr are somewhat higher than those found under favorable circum- 
stances liy M. Crova hiuis4^1f. Ours result from the introduction of some small corrections (not special to this iustru- 
nient) which nlighlly iiicreiUM^ the value of the reading. 

These l.f?l calories represent the very maximum observable at Alleghen3\ In onr representation of the Alle- 
gheny cnrve of distribution of energy iu the 8|H^ctrnni we have adopted 1.7 as the usual radiation for clear blue sky. 
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Relative Energy for High and Low Sun. 
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We have, then, adopting 1.81 cal. as the solar radiation at Allegheny with clear sky, 1.81 cal. 
X l.o7 = 2.84* calories (i.e. calories per minute per square centimeter) as an approximate value 
of the solar constant. 

In all these observations, the object has been to avoid the registering of small variations anal- 
ogous to the Fraunhofer lines, and to give onl}' the general distribution of the energy. The map- 
ping of the interruptions of the energy caused by visible or invisible lines or bands forms a distinct 
research, and the results are given later in the present volume. 

We find from these preliminary observations that the maximum energy in the normal spec- 
trum of a high sun at the earth's surface is near the yellow, and that the position of the maximum 
Of heat does not in fact differ widely from that of the maximum of light. It has been lon^j known 
that certain ultra-violet and violet rays were much absorbed, but it has been supposed that the 
absorption increased also in the infra-red, so that the luminous part of the spectrum was, on the 
whole, the most transmissible. 

But we see here, not only how enormous the absorption at the violet end really is, but that the 
light rays have suffered a larger absorption before they reach us than the ^^heaV^ rays {i, e., than 
the extreme red and infra-red rays), a conclusion opposed to the present ordinary opinion, and, if 
true, of far-reaching importance. For if this ''dark" heat escapes by radiation through our atmos- 
phere more easily than the luminous heat enters, our view of the heat-storing action of this atmos- 
phere, and of the conditions of life on our planet, must be changed. Within the limits of the present 
charts, the "dark" heat apparently does so escape. 

We can, from the data now gathered as to the rate of absorption for each ray, compute the 
value of the heat or energy before absorption (the solar constant) by a new process which is in strict 
accordance with theory. This preliminary value indicates that the true solar constant is larger than 
that commonly given. 

The ratio of the dark to luminous heat has been so wholly changed by selective Jibsorption that 
we must greatly modify our usual estimates, not only of the sun's heat radiation, but of his effect- 
ive temi)erature. We infer also, that the sutty to an eye without our atmosphere^ would appear of a 
bluish tint. 

According, then, to the observations which have been detailed, the actual value of the solar 
heat is greater than has been 8upx)osed. The action of this heat on our atmosphere is also very 
different from that customarily asserted, and the extent of our misapprehension of the real 
circumstances which nature presents to us, may ]>e said to be presented to us face to face, in our 
universal belief that the sun is white, while its real color may be unknown. Our present conditions 
of observation are, however, in many respects most deficient. They all rest on the assumption 
that the transmission of hefit by like air masses remains the same throughout the day. There is 
too much refison to believe that it not only varies casually, but also changes systematically, both 
with the time of the day and with the seasons of the year. It will be seen, on consideration of the 
method by which the transmissibility for the high and low sun has been obtained, that we leani 
only the mean transmissibility of our atmosphere, and never its composition in other respects. 
The air, for instance, a little way above our heads, might have a different chemical constitution 
and different transmissibility from that in the lower stratum, without such means as the present 
giving us any hint of the fact. All these circumstances have an immediate bearing on the deter- 
mination of the solar constant and the above value of 2.84 has never been regarded by me as more 
than a first approximation. Even as such, however, it shows the constant to be much larger than 
heretofore supposed, and the absorption of our atmosphere to be greater than has been imagined. 

It must be constantly borne in mind that we assert that the formula of Pouillet has but a 
limited applicjition, and is, as generally used, erroneous. We prove, later, by actual demonstration, 
that it always gives too small a value for the absorption, and hence the less absorption there is 
above us, the less important does the error of this formula become. Accordingly, other things 

• 

•Tho "calorie^' horo is the '*siiiaH calorie" of PouiUot and later investigators. It is the amonnt of heat reqnired 
to heat 1 gramme of water from 0^ C. to P C, and is referred to tho minute and sfpiare centimet-er. 1 calorie = 
42,!iJ00,000 ergs = 138 "actines" of Hei-schel = 0'""\138 ice melted per square centimeter per minute. 
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being equal, the observations mjwle even by the present process, if repeated on high mountains, 
may be expected to give more perfect values than those made at the sea-level. We have, it is true, 
observed on approximately homogeneous rays, in obtaining our coefficients of transmission, yet 
wo must remember that though we may allowably s})eak in common terms of the bolometer's hair- 
like strip as "linear," it is not absolutely so, and the true coefficients of transmission are, inferen- 
tially, smaller than those obtained even by its means. In other words, the amount absorbed by 
our atmosphere is not improbably greater even than the present observations make it. 

We have reached in these preliminary investigations some conclusions quite at variance with 
acxjepted beliefs. We have found that the absorption of the heat, on the whole, diminishes as we 
go into the dark heat region, and that the "light" is more absorbed than the "heat,'' while it has 
been generally understood that the contrary is the case. It would appear from this that within 
the limits of the present observations (0'*.4 to 1 ''.O) the "dark" heat escapes more easily through 
our air than it enters as "light" heat, so that the familiar comparison of our atmosphere to the 
cover of a hot-bed does not here seem to be just, and so for as these preliminary observations extend, 
we do not find at all what the ordinar}" belief leads us to expect. 

The construction of our ordinates for the curves outside the atmosphere, has shown us that 
the maximum point continually advances toward the blue; in other words, that the sun must 
really be of a bluish tint, so that we have never seen it as it is, and what we are accustomed to 
speak of as white light and "the sum of all radiations'' is merely that remainder of rays, whether 
of "light" or "heat," which has filtered down to us. Our view of the solar light and heat, and of 
their ettect on our atmosphere must be modified if such results are true, and it would be most 
desirable to prove their truth by some independent mode of observation, since we have nearly 
exhausted the capacity of our present means of research. 

There does remain an entirely difl'erent method of observation, but one presenting peculiar 
difficulties. It is to ascend a very high mountain, and to compare observations ma<le at its summit 
with othei'S carried on at its base, so that we can not only estimate, but directly measure, the 
absorptions which the ra3\s have actually undergone. The preparations for this form the subject 
of the next chapter. 



CHAPTER II. 



JOURNEY TO MOUNT WHITNEY, 1881. 

Toward the close of 1880 it had already become clear that the gain in our knowledge by 
repeating the observations then in progress at the Allegheny- Observatory, at the ba«e and at the 
summit of a lofty mountain, would justify the labor and expense of such an undertaking. There 
would have been little probability, however, of such a plan being carried out by the Observatory, 
were it not for the generosity of a citizen of Pitt«burg, who placed at its disposal the considera- 
ble means demanded for the outfit of an expedition for this purpose. 

By his own wish his name is not mentioned in this connection, but it is proper to acknowledge 
here, and first of all, the timely and indispensable aid which made the project a reality. 

The expedition was, as at first designed, to be made wholly on the account of the Allegheny 
Observatory, whose trustees authorized me to use any of its apparatus for the purpose, it being 
understood that the special expenditures involved would be met from the source mentioned. 

Upon the objects of the expedition and their bearings upon meteorology becoming known to 
the Chief Signal Officer of the United States Army, he consented to give it the advantage of his 
official direction and the aid of Signal Service observers, and upon the reasons which made the 
choice of its objective point in a remote part of the United States territory being approved by him, 
he contributed further material aid in transportation. The considerable expenses of reduction 
have been chiefly met from the private source just mentioned. 

The principal conditions desirable in the mountain chosen should be — 

(1) Clear air. 

(2) Great altitude. 

(3) Very abrupt rise, so that two contiguous stations may be found with very ditterent alti- 
tudes. 

(4) Southern latitude. 

(5) A dry climate. 

(1) The first and fifth conditions are almost inseparable. Such summits as Pike's Peak, and 
the neighboring summits in the Rockies, are rarely free from mist and cloud during the summer, 
and both from the nature of the observations and the fact that the stay must be brief, an almost 
absolutely pure and cloudless sky is indispensable. 

(2) Wo ought if possible to leave at least a third of the atmosphere below us, which implies a 
height of at least 14,0()0 feet. 

(3) An elevated plateau is unsuitable, for it is almost indispensable to have a relatively low 
station quite near the high one, and, if possible, in sight from it. 

(4) We must, other things being equal, prefer a southern latitude which will enable us to view 
the sun nearly in the zenith. As no point east of the Rocky Mountains unites these requisites, 
inquiries were made at all sources, particularly of officers in various departments of the Govern- 
ment familiar with the Western Territories. 1 am specially indebted to Maj. J. W. Powell, the 
present head of the United States Geological Survey, and to tbe late Superintendent of the Coast 
Survey, to Capt. C. E. Dutton, of the United States Army, and to Mr. Clarence King (late in 
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charge of the Geological Survey), for valuable information. Among the points carefully consid- 
©hmI were — 

Lou^tudo. Latitude. 

Mount N(«l»o 111^ 45' 39<^ 50' 

Htm Boriiftiliiio 117^ 34^ 05' 

l»iiH> Valley MouiitaiiiH : 113^^ 45' '^^ 25' 

Toyabo UaiiKc 117^ 05' 3ir^ 20' 

Hriaii'H Il«a<l 112^ 45' 37^* 20^ 

hOa'h from 11,0()0 to 12,000 feet in height, each of which had its several advantages, but none of 
which met all the conditions. Finally, n|)on the advice of Mr. Clarence King, and with the concur- 
rently favorable o[)inion of officers of the Coast Survey and others fiimiliar with that region'. Mount 
Whitney, in the Sierra Nevada Range of Southern California — approximate longitude, 118o 30' 
(7h. 54 m.); latitude, 3(P ;i5' — was found to be, on the whole, most desirable. Its height was 
known to be between 14,000 and 15,000 feet. Its eastern slopes are so precipitous that two stations 
can be found within 12 miles, visible from ciich other, and whose difference of elevation is 11,000 
feet, and it rises from and overlooks one of the most desert regions of the continent, wliile its summit 
is almost perpetually clear during June, July, August, and September. It is, it is true, far from 
any railroad, in a wild region, and it hiul been ascended so rarely, and with such difficulty, that it 
was not certain that heavy instruments could bo transported to the extreme summit. As there 
wore neighboring mountains both in the Sierra Nevadas and Panamint Ranges, offering not greatly 
inferior lulvantiiges, to fall back on, and as it was certain that a very considerable altitude, at any 
rate, ought to be reached on Whitney, in spite of the imperfectness of our knowledge of the extreme 
summit, the site was submitted to the Chief Signal Oflicer and approved by him. Capt. O. E. 
Michaelis, of the Ordnana^, temporarily on Signal Service duty, was ordered to esUiblisU a Signal 
Service station there, and Sergeants Dobbins and Nanry, observers of the Service, were detailed 
to join the ex[)edition in San Francisco. 

It was most desimble that we should reach the scene of operations so as to commence our 
obsi^rvations in July, but delays micurred, in s[)ite of our wishes, which, as it will be seen, frustrated 
this purpose. The first portion of the [mrty, consisting of Captain Michaelis, Messrs. J. E. Keeler, 
of the Allegheny Observatory, W. C. Day, of the Johns Hopkins University, and the writer, left 
Allegheny, I*a., on the 7th of July, 1881. The instruments, weighing in their outer cases about 
5,(KK) pounds, weiti to accompany us all the way; and I have to express the ver^' great obligation 
of the whole expedition to Mr. Frank Thomson, vice [>re«ident of the PennsylvaniaRailroad, by whose 
kindness tnuisportation was furnished to Chicago for a private car, which was occupied by us,with 
our instruments, and which, through his intrmluction to Messrs. S. II. H. Clark, general manager 
of the Union I\K*ilic Railroad, Onuiha, and A. N. Towne, general manager of the Central Pacific 
liailrt>ad, San Francisex), was, by the courtesy of these gentlemen, continued in our use till we 
n»ached the Inyo Desert. 

We reached San Francisco on the 22d. It was considered advisable, in the possible contingency 
of our being foix*ed to choose onr station in some point in the desert region east of the Sierra 
Nevada Range, that an escort should accompany us, and thix)ugh this need an unforeseen delay of 
nine days Oi*curred in San Fnuicisco, a time which was shortened to us by the courtesy of General 
McDowell, commanding the department, and of Prof. George Davidson, of the Coast Survey, but 
which we could not but n»gix»t. On the 22d we left on the Southern Pacific road, the party having 
Ihhmi joiniHl by Mr. GtH>rge F. Davidson, who accoin))anird it as a volunteer, by Sergeants Dobbins 
and Nanry of the Signal 8i»rvice,by Mr. Frost, a caq>enter, engaged in San Francisco to accompany 
us, and by the escort of Corporal Lanouette, of Com[>any H, Eighth Infantry, and five enlisted men, 
who jointnl us at Henicia Itarracks. We readuMl Caliente, where the writer, Mr. Ket*ler, and a 
fmrt of the escort left the railix>ad, while Captain Michaelis and the rest of the i»arty i>roceeded in 
the same train to Mojave, alnuit 40 miles farther, wheix* the instruments and provisions were to 
Ik* taken aeriKss the desert by wagons. By riding day and night, 1 n^acheil onr station at the 
mountain finit (li^me Pine) on the evening of the 24th. The road lay along the Inyo Valley, a 
shmleless, waterUv^s desert, on the west side of which (on onr left) the Sierra Nevadas rose in con- 
stantly higher summits as we went north waird, till we found ourselves looking up through the desert air. 



JOURNEY TO MOUNT WHITNEY. 37 

' where the shade temperature was over lOOo F., to the patches of snow on their summits, which told* 
of the real altitude of the almost unknown upper regions to which we were finally bound. The 
mountains on the right, at first low and distant, drew closer and grew higher, making the valley 
character more and more distinct as it narrowed, while the desert over which we traveled con- 
stantly ascended, without losing its aspect of a narrow extended plain, shut in closer by mountains 
as we went northward. Near the upper extremity of Owen's Lake (a small dead sea), we got our 
first sight of Whitney, and in a few miles more reached the little hamlet of Lone Pine, built on a 
small patch of green, due to the moisture of a snow fed stream from the mountains which threads 
the valley, here about 6 miles wide, between the foot-hills, and almost perfectly flat. As we rode 
in, we noticed cellars belonging to houses shaken down in the last earthquake, which destroyed a 
large part of the inhabitants of the little place, for we were now in the earth(iuakp> country. 

The outline of Whitney and the neighboring peaks seen from Lone Pine is very extraordinary, 
the serrated edge and the snow, justifying the name of the " Sierra Nevada." The air is so clear 

/>y. 4.. 




Peak 1^ Whitney. 




OuUine of Mt. Whitney Ranere.— As seen from Lone Pine. 

that the appearance of nearness is most delusive. The mountains look like large rocks close by, 
covered with moss, on which patches of white are glistening, but only on looking through the 
telescope, which resolves the apparent moss into large forests of great trees, and the white patches 
into snow fields, can we realize the actual distance to the summits, which is about 12 miles, the 
interval, — "the foot-hills" — being an elevated desert table-land, broken into low hills, extending 
back with a gradual rise to rather more than half this distance, where the eastern wall begins and 
attains most of its final altitude of over 14,000 feet in about 5 miles, reckoned on the level. 1 give 
in the form of a diary the events of each following working day, as far as the statement seems 
necessary. 

July 2hih, — With the aid of Mr. W. L. Hunter, of Lone Pine, to whom we were indebted for this 
and other kindnesses, we made a preliminary survey of the place and selected a site for our camp 
on the grounds of Mr. Begole. We passed in our reconnaissances a grave where seventeen 
persons, victims of the earthquake, are buried together. They were killed by the falling in on 
them of their " adobe " houses, and we felt our tents a safer shelter. Sergeants Dobbins and 
Nanry arrived. 

26^A. — Set up piers for the expected instruments. 

27fA. — Captain Michaelis arrived. Mr. W. Crapo, of Cerro Gordo, was engaged as guide, and 
arrangements were made for first mule- trains. 

28tA. — Private Nanry, two soldiers of the escort, and the carpenter were sent up the mountain 
with the guide, muleteers, and a small mule-train, carrying tent, provisions, and heliotropes. 
Their instructions were to establish a camp at the highest point, within reach of wood and water 
(a point on the other side of the ridge, to which Mr. Crapo undertook to guide them). After this 
the peak of Whitney was to be ascended from their camp, and heliotrope signals exchanged with 
our own station, Yrom which, as I have said, the peak was visible. 

From the 28th to the 1st was passed in enforced idleness, waiting for the instruments which 
were still on their slow way across the desert. Clouds hung over the mountains (for the only 
tune during our whole stay), but no rain fell. One or two flashes came one morning from the peak 
of Whitney, showing that it had been rejiched by the party with the heliotropes, but no answer 
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to our signals wa« returned. It may here be stated that owing to the difficulties of making any 
stay ui>on the peak without fire or shelter (which we had ourselves to experience later), and to the 
lack of men experienced in heliotrope signaling, communication with the cam^) on the other side 
of the ridge was kept up only b^' special messenger; although the conditions for heliotrope 
signaling between Lone Pine and the peak (were a sation once established there) are excellent, 
the two places being full in view of each other, with almost constant sunshine. 

2dth. — The fencing in of a piece of ground in the village, 60 by 150 feet, was completed. 

August 1. — The wagons arrived at noon. The instruments were at once unpacked, when it 
was found that the desert dust had penetrated every crevice and settled on every instrument, how- 
ever carefully boxed. They .were cleaned and observations begun immediately. 

To Mr. W. C. Day was assigned the large actinometer. 

To Mr. J. E. Keeler the spectro-bolometer. 

To Mr. G. F. Davidson the comparator and the preliminary observations for time and latitude.* 

Sergeant Dobbins was directed to make observations with the pyrheliometer and (subse- 
quently) with the small actinometer, and to take the readings of the barometer and wet and dry 
bulb thermometers usual in the Signal Ser\ice. 

The writer observed with each of these instruments and observers in turn, till it was certain 
that each understood what was novel in his work and had acquired fair expertness at it, but his 
chief time, whenever other duties admitted, was given, with the aid of Mr. Keeler, to the si)ectro- 
bolometer. 

2d. — A small tent was set up for this instrument and the reflecting galvanometer, with a black 
cloth inner lining, to forma dark room for the latter. The heat was excessive without, and within 
it rose to a point beyond human endurance, w hile the light proved not to have been shut out even 
at the cost of the quite intolerable heat. After a day's trial this plan was then abandoned. 

Sd. — Set up a larger or "hospital" tent (about 14 feet square) and attempted, unsuccessfully, to 
construct a separate dark room within. In the adjacent hot box a thermometer in air, but under 
glass, rose to 233^ F. At the same time packing for the mountiiin went on, and a mule train started 
for Mount Whitney this evening, carrying apparatus and quartermaster's stores. It was guided 
by Mr. Crapo, and accompanied by two soldiers of the escort. 

ith, — The dark chamber was, through Mr. Keeler's ingenuity, completed so as to get the light 
exchided, without a heat such as to make observation impossible. 

oth, — The systematic reading of the barometer and wet and dry bulb thermometers commenced 
to day. Sergeant Dobbins was, however, directed by me to omit readings at those hours which 
interfered with his observations with the pyrheliometer or actinometer, it being impossible to spare 
a second observer for these latter. 

nth, — Many clouds over the valley (for the first time) and a few drops of rain. The wind was 
violent all day; the tent was shaken so as to make it doubtful whether it could stand, and all the 
instruments in it were covered with sand and dust, while the lights for the galvanometer were 
extinguished by the penetrating gust« so as to make its use impossible. 

1th (Sunday). — Still cloudy. 

Sth. — A slight eartlujuake shock at night. Commenced bolometer observations. 

llZ/i. — After two days' struggle with difliculties incident to the novel conditions, the first com- 
[>lete series of morning, noon, and evening bolometer observations was obtained. The very consid- 
erable changes of temperature in the tent through the day caused a troublesome drift of the gal- 
vanometer needle, but otherwise the result was satisfactory. On this as on previous days the 
other observations were successfully pursued in the prescribed manner and call for no remark here. 

During all the previous days hiring of mule drivers and animals and the arrangement for 
the tninsportalion of the somewhat elaborate apparatus, to the distant summit, had been a constant 
preoccu[)ation, for the season was already far advanced, and we had originally hoped to have com- 
pleted our chief observations in the valley and been at work by the first of August at the mountain 
station, which rose above us in constant view, apparently so near and really so distant. Every 



• The ohrtervations for latitiuU' luul not been coiiiiiieiiced when Mr. Davidbon left for the mountain. We tind from 
the Aniiy map, (Lieutenant Wheeler's expedition), longitude. Lone Pine, 116^' U3' 47"; latitude, 3(5^ 36'. 
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eflfort was made to have tbe packing done so that the parts of each instrument should be kept to- 
gether as nearly as possible, and in any case where these necessarily occupied two or more boxes, 
they were placed on tlie same mule, with strict orders that the arnmgement should not be disturbed 
by the muleteers in the ascent. It ws\8 necessary, however, to send off separate trains, as the mules 
could be gathered for them, and hence the muleteers could only be in pjirt overlooked. 

Captain Michaelis, with Mr. Davidson, Sergeant Nanry, and two soldiers, left to-day for the 
Mountain Camp with a train carrying part of the intruments and quartermaster's stores, intending 
to make the ascent through Cottonwood CaHon. The muleteers promised that this train should 
reach the Mountain Camp on the 14th and be back in Lone Pine by the 17th. I remained (hoping 
to complete the lower station bolometer observations) with Mr. Keeler. Mr. Day, Sergeant Dobbins, 
Corporal Lanouette, and Private Kelly remained also in the camp. 

\Zih. — My anxiety to know personally of the arrival of the instruments at the Mountiiin 
Camp induced me to leave to day, though another day's observations was desirable. This I left 
to Mr. Keeler, with directions to pack as soon as it was made and to follow with Mr. Day on the 
17th, or as soon as the expected mule-train had returned. I left myself in the afternoon with Mr. 
Crapo, reaching "Ridgers," an elevated ranch in the foot-hills, about eight in the evening. 

14/^. — After a night passed in the open air, I started southward with the guide, our object 
being to reach a canon which would lead us over "the Great Divide" and thence to the mountain 
camp already established at the western base of Whitney Peak (on the other side of the range as 
seen from Lone Pine) where it was expected that the instruments already forwarded by the other 
route would be ready lor work. 

Our course first lay across a sloping table-land already elevated 800 or 1,000 feet above the 
valley, dotted with sage-brush, but still below the lowest edge of the timber-belt. After three 
hours' riding the trail began to ascend rapidly and the air to grow cooler, while we passed occa- 
sional dark stunted i>ines, which rose from the white gravel, like posts planted in it, there being 
no grass under them anywhere, nor any verdure, even when we had fairly entered the timber. 
The large dark trunks were so far apart, and formed such a contrast with the white ground 
beneath them, that the eye followed the color of the latter through the distant forests, which 
looked as though a fire had passed through them, and presented a most desolate aspect from the 
absence of moisture and consequent verdure. The trail made sharp turns, plunged down into 
ravines into which descent on the saddle seemed at first impossible; and wormed its way between 
bowlders, and climbed over rocks and fallen timber, in such a manner as to give a formidable 
impression of the dangers our apparatus must have incurred in the ascent, though it had taken a 
somewhat easier and longer route than ours. All trace of the trail itself finally ceased in the bed 
of a water-course, seemingly barred to all passage by large bowlders and trees which had tumbletl 
from above into the channel, up which, however, with the occasional aid of the ax, we slowly 
forced a road, reaching at nightfall a small meadow whose altitude must have been 8,000 or 9,000 
feet, watered by the stream whose bed we had been following. The temperature had now fallen 
greatly, and ice formed thickl}^ during the night, which we passed like the preceding one, under 
an unclouded sky, whose stars seemed perceptibly brighter than we see them in the clearest night 
from lower stations. 

15f/^.— In the morning there could be no question of the change in the blue of the heavens, 
which was darker and more violet-colored than that at Lone Pine; itself purer than that seen 
except at very rare intervals at Allegheny. We had now pjirted from any signs of a trail, and a 
long and tedious ascent was followed by a sharp descent, during which we lost nearly all the 
elevation gained since sunrise, and this brought us into '* Diaz meadows," up from which, after 
another formidable climb, we got over the "Divide." Then came a descent of about 2,000 feet, 
and then another mountain to be climbed whose slope was so steep that occasionally the insecurely 
poised bowlders which covered it, as we stepped from one to another, rolled from under our feet, 
and went leaping downward. The lost labor consumed in this incessant alternation of ascent and 
descent is enormous, and (as I found later), by the construction of a mule-path along another and 
direct route (which we took in finally descending again to Lone Pine), may be almost wholly 
avoided. 
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The (HatAiit Hceiiory had been much more monotonons than might have been expected from 
this aciionnt of the route, but now one more descent brought us into a great canon running west- 
ward, with a magniticent view of the vast amphitheater of precipices, behind Sheep Mountain. 

1 noticiMl now, th:it, though long tanned by the hot sun of the valley before starting, the skin 
ol both my face and hands was beginning for the first time to burn badly; a striking effect in this 
cold air, and which could not be attributed, as it has been in the case of some Alpine and other 
climbors, to reflection from snow, for we had, as yet, seen none but at a distance. 

MUh, — After another night like the last, we climbed, with some hours' work, several thousand 
fiH>t ui> the cafion sides over the roughest country we had found yet. From this, as from other 
eminences, we couUl see the smoke of forest fires at one or two very distant points, fires which the 
guide said would grow more numerous later in the season; a sight which added to my anxiety to 
get to the mountain work. AVe now came down into Whitney Canon by a descent which was actu- 
ally worse than anything that hml preceded, but which finally brought us in view of Whitney Peak, 
for the first time since leaving Lone Pine. It wa« still high above us, but looking most delusively 
near. It was difficult, indeed, even wiih all one's experience of the deception as to distances com- 
mon hon», tj> believe thnt the peak was even a mile away, or that the little patch of white on its 
Hank was moixi than a few yards in diameter. The summit was really, however, six or eight hours 
further, and the white patch was a snow field which fed the considerable mountain torrent now fall- 
ing past us. 

The ivst was easy. We ascx^nded by the stream past little meadows and small lakes filled 
with the clearest ice ct>ld water. 

A little further we found the woods burning over many acres, the fire having been apparently 
wantonly st^t by sonn* sheep-henlers, who aiv the great destroyers of the timber in this upper region 
whert^ the few spots of herbage are fouiul. Shortly, we finally rose above the entire timber belt>, 
and «t Wvi^ t>VliM'k we ivached camj) at an elevation of about 12,(K)0 feet, for which an excellent site 
had been chosen by Mr. (^nqH>. It was beautifully placed on a nearly circular and well-watered 
meadow about LMH> yartls in diameter, while an amphitheater of very precipitous cliffs from 1,000 to 
1,500 feet, forming the base and flank of Whitney Peak, rose immediately from its northern and 
eastern sides and was iH>ntinuiHl by others more remote on the south,* the only distant view from 
the camp InMUg towanl the west thrtmgh the long valley along which we had ascendeil, and look- 
ing back thnmgh which we saw a horixon of mountain summits. Here I learned the dismal news, 
that the mule train, which was to have delivennl the freight here on the 14th, and which we had 
Ikhmi Uniking to nun^t on its n^turn, had not yet arrivetl at the cam)), and that only a single instm- 
ment ^an actinometer) had arrivtnl in condition for work, of those sent by the j>rece<ling train; not 
that the others were brt>ken, but that the mule drivers hiul left the Iwxes and parcels along the 
route, so that nothing was iH>mplete, 

Captain Michaelis had, I learniHl, as4H»nde<l the jM>ak that day with Sergeant Nanry, and l>oth 
n^tununl siH>n after 1 entennl cainip. Captain Michaelis n*|H>rted the ascent very trying. The ser- 
gt^ant^ indiHMl, wjis sick in c*>nseipienci\ 

I |v;iss over days s|>ent in anxious waiting. We wen^ cut off completely from commanication 
with lx>ne Pine exi*ept by s|HH*ial me^^^enger. Hy scaling the mountain wall on the east of as, it is 
jHiissible, it stvms, to des*vnd on fiK>t thn>ugh Ix>ne Pine Canon, direct to Lt>ne l^ne itself (as we 
pn>vtHl by our own sulv^H]uent ex|>erience), in a day. An Indian guide, st*nt by this nearly unknown 
nmte to Iamic l^ine, n*turnetl the next day, bringing letters, but no news of the male train, which 
w;is as t*t>mpletely U>sl to the knowUnlgt^ of those to whom it was ixmiing, as a ship at sea could be. 

Mt>st of us, while waiting for the instruments, had invasion to note, without their help, that 
the vS»>lar nuliation was wholly alteretl in character fnnn that in the valley. 1, for instance^ have 
alludtHl alnnidy to the fact that my hands and fact* wen* iH>nsider;ibly more bununl on the way op, 
lhn>ugh the t*tH>l air, than in the hotter desert Ivlow. On the tlay folUiwing my arrival in camm 
my hands pn^senttHl the ap|H*animv of as s«>ven^ burns as though they had betni held in an acloal 
llrv, ami my tjuv was hanlly rect>gnixabU\ Others suffennl less, but all of us, with skins thor- 
oughly tannetl and indunitetl by wet»ks in the dt*sort, wen* nion* or U*ss Imrneil. 



* SfN" \ir« ill ^>\HitKei«*o^ %^ the Mountain i^uup at tin* tikAM" «^ WhitiM'y IVak. LiMigitiidi^ of catti|\ fhMB Army 
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19^^. — The sky to-day, as always, is of the most deep violet blue, such as we never, under any 
circumstances, see near the sea-level. It is absolutely cloudless, and there is only a slight orange 
tint about the horizon at sunset. Carrying a screen in the hand between the eye and the sun, till 
the eye is shaded from the direct rays, it can follow this blue up to the edge of the solar disk 
without finding in it any loss of this deep violet or any milkiness as it approaches the limb. It is 
an incomparably beautiful sky for the observer's purposes, such as I have not seen equaled in the 
Kocky Mountains, in Egypt, or on Mount Etna. It had been part of my object to make an effort 
to see the solar corona by directly cutting off the sun's light by a very distant cliff, though I was 
aware that Bond had tried a similar experiment unsuccessfully in the Alps, and though I had 
myself been foiled in a similar attempt on Mount Etna. On the south of the camp was a range of 
cliffs, running nearly east and west, and whose almost perpendicular wall rose from 1,000 to 1,200 
feet. They appeared to be within a pistol shot of the camp. I left it for them at about eleven o'clock, 
but reached them at nearly half- past twelve, after an hour and a half of hard scrambling. I found 
that I could choose a position on the north of the cliff, along whose edge the sun was moving nearly 
horizontally; so that the shadow was fixed as regards the observer, and so sharp that, though I 
must have been over one-quarter of a mile from the portion of the cliff casting it, I could, without 
moving from my x)lace, and by only a slight motion of the head, put the eye in or out of view of 
the sun's north limb. The rocks were, in these circumstances, lined with a brilliant silver edge, 
due to diffraction. This I had anticipated, but now I saw what could not be seen by screening 
the sun with a near object, that the sky really did not maintain the same violet blue up to the sun, 
but that a fine coma was seen about it of about 4^ diameter, nearly uniform, though it was sensibly 
brighter through the diameter of l^o. Upon bringing to bear upon it an excellent iwrtable 
telescope, magnifying about thirty times, I found it was composed of motes in the sunbeam, 
between the diffracting edge and the observer's eye. This result, if disappointing, is also inter- 
esting in another point of view, a^s showing that the dust-shell, which, as I have elsewhere stated, 
encircles our planet, exists at an altitude of at least 13,000 feet, and under favorable conditions 
for the purity of the atmosphere. The result is not without importance in its bearing upon our 
conclusions as to atmospheric absoq)tion.* 

20th. — ^A portion of the mule train came in about noon. 

2l8t — Captain Michaelis started at 5 a. m. for Lone Pine, to engage more mules and to arrange 
the trains. Actinometer readings and routine observations with the thermometer were all that 
we could do as yet. 

22J. — I had been ill since my arrival in camp, and on this day first ascended the mountain. I 
started at 9 a. m., and, being somewhat weak, occupied over four hours in the ascend, while it 
might be made by an active person in less than three hours, though not without difficulty, the 
actual height above the camp being something like 3,000 feet, while the difference between 
exertion at this altitude and at the sea-level is extreme. The Peak would be wholly inaccessible 
(from the precipices on its side, which rise in steps of several hundred feet) were it not that the 
earthquakes have rent these into fissures, and that through these narrow cracks bowlders and 
rocks from above have poured down in i)ast times, in a rocky river, forming a ^^co%doir^^ as it is 
called in the Alps, the rocks being still poised so that the suiface one» can easily be started 
downward. Through the nearest of these couloirs, called by the guide "The Devil's Ladder," 
I commenced the ascent, the stones occasionall}' rolling away and bounding down hundre<ls of 
feet below me. After one-half or three-quarters of an hour in this interminable couloir, I got on 
to the mountain slope, still extremely steep, the surface presenting an appearance as though 
stones, from the size of a foot-ball to that of a grand piano, had been hailed down on it and 
covered it to an unknown depth. After nearly three hours' time I came to the snow-field, which 
I have mentioned as having been seen from a distance. It was about one-quarter of a mile in 
length. At the summit were some Indian and Mexican laborers, who had been brought up to 
improve the path up the '* Devil's Ladder," lying and smoking in the sun. The view from the 
summit was of a horizon of tumbled mountains on the north, west, and south, not continuously 



* Prof. Clarence King, late head of the Geological Survey, wliose fuiiiiliarity with these regionii and whoHo 
competence as a geologist are well known, informs me that he bellevcM this dust above the Sierra Nevadas has been 
borne across the Pacific and owes its origin to the ''Loess'' of China. 

12535— No. XV 6 
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white 118 in the Alps, for though at a more than Alx^ine height, I saw onl^' scattered snow-fields here 
and there. The air was cold, but not very chilly, and the sky of a decider violet overhead than in 
the cam}) below. On the east side, the mountains descended in a series of precipices between 
3,000 and 4,000 feet to a little lake surrounded by a snow-field. The eye could follow the course 
of the stream running from it a little way down a ciinon, with tremendous vertical walls, which 
lead in the direction of Lone Pine. Lone Pino itself, was descried as a little spot of green on the 
brown floor of the desert. Opposite, on the other side of the Inyo Valley, was a range of 
mountains nearly 10,000 feet in height, and beyond, to the south, the Panamint and other ranges. 
Between us and them was a reddish sea of desert dust, 4,000 or 5,000 feet above the valley floor, 
and almost covering the lower summits of the mountains. Through this dust ocean, we at Lone 
Pine must have been observing; yet the sky even there is, as I have said, of unaccustomed purity, 
and probably we observe under still worse conditions habitually when at home. 

The top of Whitnej' is an area of [)erhap8 three to four acres, ne^rl^^ level, or with a slight 
downward slope toward the west. Stone for the erection of permanent buildings is here in unlim- 
ited quantity. We look immediately down on one of the driest regions of the globe, from an 
altitude of nearly three miles, in a sky of ex(iuisite purity, and this station, once reached, is every- 
thing that I could have hope<l to find it, and more; but existence is only possible on the summit 
with permanent shelter, for though at the moment I viewed it it \yi\H calm, yet the wind and cold 
would be fatal to life at other times, without house and fire. The nearest wood is over 3,000 feet 
below it. It became evident to me that we must forego, at this late season, further hope of making 
regular observations on the Peak, and confine ourselves to those at Mountain Camp, for it was 
evident that without mules to carry up wood and shelter no continued observations can be possible. 
In descending I noticed here and there parts of great treetrnnks, some 8 or 10 feet long, evidently 
very old, lying on the naked bowlders, without the slightest trace of vegetation within a mile or 
any sign to show how they came there. I afterward found these isolated trunks elsewhere, and 
i^; seems clear that they are relics of a remote day, when the forest grew 2,000 feet higher than it 
doi»s at present, the piteh, saturating the woo<l, and the excessive dryness of the region, having 
preserved them here for an almost indefinite period. They are a most striking and curious evi- 
dence of a condition of things which once existed, and which exists no longer, the change being 
evidently due to a corresi)onding clinmtic alteration. What has caused this change it does not, 
perhaps, lie within my [jrovince to inquire, but 1 cannot doubt that the changes in those conditions 
of the atmosphere's transmissibility for heat, whicli we have climbed into this altitude to study, 
are connected with the answer to the riddle. I staid but a few minutes at the summit, took a 
final look at the snow-fields about us, and down into the torrid regions of the desert, far below; 
and then descended to the camp, which 1 reached at about four in the afternoon. 

25th. — Captain Michaelis, Messrs. Keeler and Day, accompanied by a train of twenty mules, 
arrived bringing the long lookedfor instruments. By evening the siderostat wjis mounted. 
Through the kind assistance of Captain Michaelis the hospital tent Mas set up and two piers com- 
pleted by the end of the next day. 

Mr. Davidson left us on the 27th. Sergeant Nanry was instructed in the use of the Regnault 
hygrometer, which was placed in his charge, together with the pyrheiiometer. A considerable 
[portion of our apparatus had been constructed with a special view of observing the solar corona 
here, if j>ossible, without an cKjlipse. We were engaged for the following three days with this, and 
just as a possibility of success seemed near, a most disheartening accident robbed us of further 
ho[)e in this direction. As the attempt wah unsuccessful, 1 will not enlarge upon it^ nor describe 
the intended means. 

We turned to the s[)ectro-bolometer, which, however, in spite of all our exertions, was not 
got to work until the 31st. 

On the 2d of September Captain Michaelis went up the mountain, with Sergeant Nanry, and 
Coles and Johnson as guides, carrying a tent and intending to stay three days for observations. 
Karly the next morning, all the party made their a[)[>earance in camp,* reporting that they had 
passiHl a 8leei)less inght, without shelter or warmth, the wind l)eing so high that they could not 
pitch the tent, while the quarter-ex)rd of wood, carried up with great difliculty, had been all burned 
in a vain effort to keep warm. 
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Septetnber 4. — Sky, for tlie first time smoky, apparently from foi-est fires. Messrs. Keeler and 
Johnson ascended tiie mountain with the barometer. 

5th. — I ascended the peak a second time. Keeler and Johnson had succeeded in passing a 
night there, though not a pleasant one, and had secured valuable observations, though it was 
evident that the tri-hourly series, being conducted at Lone Pine, would not have a counterpart on 
the summit. The afternoon was clear, though forest fires were numerous about the horizon. 
Looking north, the great masses of Mount Tyndall and Mount Williamson were prominent objects. 
Sheep Mountain (which has sometimes been called Mount Whitney) is to the south of us, and an 
almost numberless multitude of majestic, but still nameless, summits fills the western horizon. 
With a little Gasella theodolite the following bearings were taken by Mr. Keeler close to the rude 
pile of stone (the *•' monument") which is on the extreme summit at the easternmost verge of 
Whitney Peak. * 

The bearing of Williamson by compass, 25^ 45' W., was made 0^ (K by theodolite, and the 
following others taken by Mr. Keeler and the writer: 

Williamson (P 00' 

Tyndall, eastern peak 321^ 17' 

Tyndall, western peak 301° 16' 

Kawkah, highest or southern peak 2<>8^ 41' 

OcanchePe^k 1G7^ 09' 

Point of Sheep Rock IKi^ 01' 

Telescope Peak 12:f 40' 

**Tho Monument" (Whitney Peak) , 34^ 08' 

6th. — A few cirrus clouds in the air, the first seen. 

7th. — Our bolometer measurements had been made with the grating, and the glass and quartz 
prisms, and now having made the discovery of the great band "/!'' in the extreme red spectrum, 
we commenced to explore that interesting region with the rock salt prism also. It was thought 
safe in this dry air to leave the rock salt prism on the apparatus over night rather than disturb the 
a<ljustment by putting it awa3^ The night proved to be phenomenally danip for that locality, and 
the prism was so injured that we could not do much with it the next day, a most unfortunate 
accident, as it prevented exploration of regions in the possibly existent solar heat spectrum, beyond 
those just discovered with the glass prism. The 5-inch equatorial, loaned us by Professor Picker- 
ing of Harvard College Observatory, had been installed largely through the aid of Mr. Crapo, the 
guide i(Who by profession is a surveyor), but when we came to take it out from its boxes upon the 
mountain, for the first time, it was not possible to use it to advantage, owing to the fact that none 
of the eye-pieces fitted the provisional tube (which had been made to carry the spectroscope). B3" 
holding the eye-pieces in the hand, we could at least determine what the quality of the atmosphere 
as shown by the easier usual star tests was, and the result was very satisfactory. 

By the 8th, forest fires had multiplied in frequency, and the air was evidently not so pure as a 
week ago. We had, by hard struggling, and in spite of adverse circumstances, secured, however, 
what seemed most essential to our purpose, and though we had not done all we had hoi>ed to do, 
we had done more than at one time seemed possible. In view of the fact that the sky, for our pur- 
pose, had commenced to deteriorate, I decided to descend. We worked till the afternoon of Sep- 
teml>er 9th and then by hard labor at night, and all the next day into the evening, we got our instru- 
ments packed. Upon Sunday, Captain Michaelis, Mr. Keeler, Mr. Da^', and myself, with Johnson 
as guide, started early in the morning on foot, to reach Lone Pine b^' the direct descent down Lone 
Pine Canon — an almost unknown route. This day will always live in my memory, though I cannot 
describe the grandeur of the scenery nor its extraordinary character, here. Much of the route, we 
found, could only be followed by frequent actual climbing downward. We first ascended for over 
two hours, i)ast snow-clitt's and along the frozen lakes in the northern shadow of Whitney Peak, 
and then passing through a defile in the rocks, so narrow that only one person could traverse it at 
a time, we suddenly found ourselves on the other side of the ridge, which had hidden the eastern 
view from us for weeks — so suddenly that we were startled as we looked down Jis through a win- 
dow from our wintr^^ height, to the desert, and the bright green of its oases far below, in a climate 
where it was still summer. We climl>ed down, until after many thousand feet, we reached the first 
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of the little deeply blue lakes we had seen from the ])eak, and then, following the ice-streain which 
flowed from this, we passed through a deep gorge, to other lakes and snow-fields below, and so on 
down all day, until we left snow behind us, and, till looking up the long distance through which 
we ha<l come, we could see only the top of Whitney at the end of the vista. In the latter part of 
the day we traveled for over two hours through burnt or burning forests, always keeping on or 
near the l>ed of the stream, and amidst scenery which I remember nothing to equal. 

Captain Michaelis and Johnson had pressed on to Lone Pine, while I, with Messrs. Keeler and 
Day, was walking more leisurely. As it grew dark wo reached the desert. Shortly after night, 
Mr. Day, who had sprained an ankle in the descent, found himself unable to pmceed further. The 
night air was that of the desert, cool but not chilly. We were still some hours from our destina- 
tion. Giving our coats to Mr. Day, we left him for a night in the open- air, which at this se^ason 
involve<l no special hardship, and pushed on to Lone Pine, promising to send out for him in the 
morning. We reached there just at midnight, after seventeen hours of steady and violent exer- 
tion, and Mr. Day, to our agreeable surprise, got in on his own feet before sunrise. 

There is little to mid. We packed the remaining instruments at Lone Pine and made our way 
back across the desert; the original party leaving San Francisco on the 22d of September and arriv- 
ing in Pittsburg on the 28th. 

1 hope I have made plain my own belief that Mount Whitney is an excellent station tor the 
purpose for which it was chosen. The great drawback in our case was the inability to remain 
at the very summit, for to do this requires a permanent shelter, but a railroail will shortly run 
through Inyo Valley, and from this, by the aid of an easily constructed mule-path, the ascent of 
the very highest peak can be made in a day, while the telegraph will put it in direct communica- 
tion with AVashington. I do not think the Italian Government, in its observatory on Etna, the 
French, in that of the Puy de Dome, or any other nation at any other occu])ied station, has a finer 
Kite for such a puriK)8e than the United States possess in Whitney and its neighboring peaks, and 
it is most earnestly to be 1io|khI that something more than a mere ordinary meteorological station 
will l>e finally erected here, and that the almost unequaled julvantages of this site will be developed 
by the Government. 



CHAPTER III. 



ACTINOMETRY. 

HISTORICAL INTRODUCTION. 

1 have already remarked that, wbile the determiuation of the amount of heat the sun sends 
the earth is equally important to Astronomieal Physies and to Meteorolo^^, the problem is one 
whose exact solution is not, at present, in our jjower. Fifty years ago, Herschel and Pouillet be- 
lieved that they had tixed this value with precision. Later observers have successively employed 
improved methods of observation and inference, with a tendency in their results to higher and 
higher values; yet we are apt to look on the latest found as though they were final ones, not duly 
noting, perhaps, the warning given by these constant and progressive increments, that no deter- 
mination that has ever been made is probably to be considered as more than an approximation to 
the truth, which may, if we judge from the amount of these discrepancies, be very difi'erent from 
any. 

The solution of the problem involves two chief difficulties, the first formidable, the second 
perhaps insupierable. 

We have first to determine the amount of solar heat which the earth actually receives at the 
sea-level by observing the amount which falls in a given time on a given surface. This, at least, 
might seem to be easily ascertainable by direct experiment; but the difficulties, even here, are so 
grcAt that the most competent observers differ by nearly a third of the whole amount in question, 
even as to what is directly measured. The variations in the heat-transmitting power of our atmos- 
phere, even on clear days, are so surprising and anomalous that we can hardly adopt such assump- 
tions in reducing our observations as make the method of least squares useful in other branches 
of physics; for when it may happen (as in the case of Forbes, cited later) that a single day's ob- 
servation so outweighs years of previous work that they are to be set aside as of comparatively no 
value, our ordinary metho<ls evidently fail us. No one, who has not personally carried on a long 
series of these observations, can have any idea of the difficulty of the conditions or their variety. 
We are as though at the bottom of a turbid and agitated sea, and trying thence to obtain an idea 
of what goes on in an upper region of li^ht and calm. Were we indeed at the bottom of such a 
sea, it is obvious that if it grew momentarily clear above us, we should get in that moment a higher 
idea of the light outside than by any amount of previous direct observation, and further, that thus 
knowing that the best moments for observation were coincident with the highest observed values, 
we should justly deem these highest values our most trustworthy ones. 

Here, then, is another respect in which we must depart widely from ordinary ussige, which in 
almost every other branch of physics and astronomy obliges us to consider the mean of a large 
number of observations as the most probable value. In solar actinometry, the mean of all our 
observations is never really the most probable, and the true value is always, and necessarib'^ higher 
than this mean. This statement may appear strange, even paradoxical, to the readier unfamiliar 
with this particular class of observations. It is one of great importance, and whose meaning 
should be fully understood. We infer from it that if it were possible to make an actinometer free 
from purely instrumental error, that the highest observation of solar heat by it would always be 
the most trustworthy, and would in fact outweigh (in our imaginary cjise) an unlimited number of 
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lower ones. Connected with this same apparent paradox is the fact tbat when we begin to improve 
our actual instrument, and to allow for minute errors in its registration of some definite amount of 
radiant heat, we find tliat these errors tend to lie all in one direction. In other words, the correc- 
tions which we introduce for them will not have, on the whole, the negative sign as often as the 
positive, but however far we may push our investigations, the corrections tend to assume the posi- 
tive sign. 

In most physical observations, while we know that we cannot reach absolute exactness, and 
that the comi)lexity of nature would oblige us to introduce minute corrections, and minuter, 
without end, ere we could reach to absolute truth, we yet know that we can, after having pushed 
I)recision to its practically attainable limit, rest assured that these neglected minutest corrections 
will on the whole balance each other. In solar actinometry this is not the case. When we have 
pushed precision to its practically attainable limit, where corrections become so minute that they 
are no longer individually manageable, we have reason to believe that the sum of those whose 
individual consideration we must forego is not negligible, for these corrections represent the loss 
and gain of heat in these measurements; of heat which is lost in unnumbered undetected ways, 
and gained in almost none. 

But secondly the observed amount, even if its true value were found within near limits (as it 
yet conceivably may be), only rei)resents that residual heat which has come down to the obser\^er 
after a very large absorption by our atmosphere. He cannot directly observe the heat before this 
atmospheric absorption, and the absolute necessity of adopting some hypothesis as to its action 
introduces the second difficulty 1 have mentioned as perhaps insuperable. To bur predecessors, 
Herschel and Pouillet, this difficulty scarcely presented itself as being one at all. They had 
inherited a formula representing a primitive hypothesis, a kind of scientific dogma, which was 
accepted on trust and used without question ; and their successors down to the present day have' 
with less justification, employed nearly the same rule, which is, it must be admitted, so easily 
followed that it would be most convenient to us if nature would but follow it also; but, as the 
writer has already endeavored to show, the actual processes by which the solar heat is absorbed 
are almost infinitely more complex than this hypothesis makes them. What Is novel in the 
present investigations is the attempt to accept, as far as our still imperfect knowledge admits, the 
difficult conditions nature actually- imposes, and to discard what is called the exponential formula 
of Pouillet, even in the modified shape in which it has been employed by recent investigators of 
repute. We shall thus reach results which cannot i)Ossibly have the exactness which previous 
observers have attributed to their own, but which will lie between limits of error which seem 
determinable. The width of these limits is but a statement in other tenns of the great extent of 
our ignorance on a matter where we have supposed ourselves, till of late, to know nearly all that 
there wius to be learned. The most probable result between these limits, then, will be found to 
l>e materially greater than that of previous observers; but, though our estimate of the actual 
amount of heat which the sun sends the earth is thus increased, our conclusions will be that the 
effect of its djrect radiation is far smaller than has l)een supi)osed. In other words, though our 
estimate of the heat received by direct solar radiation is increased, we also find that the actual 
temperature of the earth's surface on which organic life depends, is maintained in very slight degree 
by the direct solar rays, and in ver^^ large degree by some processes in our atmosphere intiumtely 
connected with that complex absorption which the old formula ignores. 

I do not propose to give a full history of solar actinometry, or to give any complete list even 
of the notable contributors to it, but some brief mention of the following names (which I place in 
chronological order) is neci*>ssary to my i)urpose: * 

17G0. — Date of the completed i)osthumous edition of Bouguer's works, and the first enunciation 



•The ri'julor <leKiriii^ to learn more of the hiNtory of tlie Miihject i» n^ferred to the excellent little treatiHe by M. 
Katlaii enlle^l "Aetinometvc''; he may uIbo conHult "La chaleur Holaire/' hy M. Mouchot, and the nnmerouB 
memoirN referred to in Ifonzean'H "Kihlioj^raphio de 1' HHtnuiomie," oh well uh the theon»tiral inveHtigations of Claii- 
HiUH (Poj;!;. Aniial., v<»l. rxxix.,i>. •^^•' ^^ fieq.)^ o{ Lord Ravh'igh (London, Kdinhurgh & Dublin Phil. Mag., Feb., 1H71, 
et ttetj.) The well-known reM<«areheH of Tyndall on the bine color of the aky have an importance in thin connection, an 
from the f:M't of neleetive ri'tlection or difluHion we may infer that corrcHponding parth have disappeared from the 
direct lieam by a Mrtrctin procefw of which Pouiilet*H forninla takes no acconnt. 
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of the formula adopted by Herschel, Pouillet, and their successors. This is stated by Bouguer in 
these words : 

"When the thicknesses" (of the absorbing medium) "increase by equal quantities, light 
diminishes according to the terms of a geometric progression." 

Bouguer points out that the diminution can be graphically represented by the logarithmic 
curve, where the abscissa) are proportional to the thickness of the absorbing medium and the 
ordinates to the amount of light or heat received, so that on the other hand, knowing the amount 
of heat received and the amount of the absorbing medium, we can determine what the heat was 
before absorption.* 

This conclusion was remarkably in advance of the physical assumptions made before Bouguer. 
It embodied all the facts known at the time he wrote, and it is to his credit that he perceived as 
much as he did. A study of his original investigations enhances our opinion of him as a skillful 
and conscientious observer. 

1760. — In the same year with the posthumous publication of Bouguer appeared the " Photo- 
metria" of Lambert, a book which/ 1 have not been able to consult directly, but which is under- 
stood to be a work of merit, based in many respects upon Bouguer's previous investigations. 
Lambert's work is remarkable for the clear description of several methods or results which have, 
in later times, been rediscovered or reapplied by others. He was aware that the true measure ot 
radiant heat was the initial velocity of heating resulting from it. He applied this method to the 
determination of the permeability of successive glass plates to the solar rays, with a result which 
remarkably anticipates the law (usually attributed to De la Roche or to Melloui) that the "facility 
of transmission" through successive plates is variable, and "continually increases with the 
number already passed through." t (Bouguer's formula would make the "facility of transmission," 
i.e. the common ratio of the geometric progression, a constant.) 

1819. — Leslie also points out "that the initial change of the thermometer is, in every case, the 
only certain and accurate measure of heat." 

1825. — Sir John Herschel devises his actinometer and introduces the method of exposing 
alternately in sun and shade. 

1838. — Date of the appearance in the "Comptes Rendus" of Pouillet's celebrated "Memoire 
sur la chaleur solaire, sur les pouvoirs rayonneuts et absorbents de Pair et sur la tcm^M^irature 
de la space." Pouillet reaches the following conclusions, which have obtaine<l almost universal 
currency, and are even yet found in our text-books. Adopting as his unit the quantity of heat 
which the sun sends normally upon the surface of one square cm. exposed at the surface of the 
earth's atmosphere during one minute (" the small calorie"), he finds (1) that the observed heat at the 
sea-level from a vertical sun is about 1.4 calories, (2) that the amount of heat transmitted vertically 
by our atmosj)here at the sea-level is not quite -J of the whole, and hence (3) that J of 1.4 = 1.^ 
calories, or, to give his exact value, that 1.7633 calories is the solar constant, or the amount 
of heat at the upper limit of the atmosphere. This value corresponds to an amount of heat 
which wonld melt a stratum of ice 31 meters thick over the whole earth annu.ally. He then goes 
on to inquire whether the earth receives heat from any considerable source besides the sun, and 
concludes that because the amount of solar heat just given does not account for tlie earth's actual sur- 
fa4)e temperature it must receive from some other source almost as much heat as from the sun itself, 
reaching the remarkable result that this other source is radiation from the stars, whose united 
action may be represented by the radiation of an enveloping shell whose mean temperature is 
— 1420 C. This — 142° C. then is, according to Pouillet, the "temperature of space," which seems 
to him nearly as important in warming the earth as the radiations of the sun. 

As very few wiio quote Pouillet's value of the "temperature of space" have any knowledge 
of the way he derived it (his celebrated memoir being more often referred to than reail), I may 
explain here that he determines by a most original, ingenious, and plausible, though not abso- 
lutely satisfactory train of reasoning, that the amount of heat required to maintain the surface of 
the earth at its known mean temi)erature, is that which would melt a stratum of ice equal to 57 



• Bouguer, "Traits (Voptique snr la gradation <le la lurai^re," I*ariM, 1760. 
t Quoted by Forbes. 
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u$4^jkf^ tUu'M AUun*A\\y^ ttnd Ittjnmtt kt hnn nlrtoA^i ftmmd tknt 31 wu:Um of tkU oml^ it reprt^emUd bff 
fh^r 0M0^ Im? M t'4nt9\9^AU^\ fo Ufffk fm ^mm tAlter i:SLnMt fm fieat u> melt the remaiuing 26 meiers^ and 
tt4^. f$wU $i Sf^ ,i^'$f($$i$ti(^ Hn we h'A\H jnAi mv^M^ Uf ^i^ipai:^'^ the temiieratare of — 112^ C. Poaillel 
iUsfU 4h4t $$4d tU'ii'tttt'm*^. i\tf. U^$timt^utit iA h\fswM by any din^ct exiieriment, a8 be is ofutn sappoeed 
Uf \%'AS** 4Um4\ If in M/; #^IM H%\fmnu',uiM on tlie U^rniierature of Hpace were inqoiries to see what 
U'U$jf*'rHii$r$'. nUouUl \h'. Htmint$i^l Up ft to tnetii the HUpfiOMed nc^cessity of meltiug 26 meters of ice 
Hf$uuHity Uy tlii{ ti^^it #ff IIm'. Atarn in suUVtUon to that of the hqd, since 31+26, in all 57 meters, 
WHm ih4' HUioutiif iU'4'4pfihuyi Up him, Up fie iU'A'AptmXMA Upt. If his methods of measurement of the 
i\\t4*4'X n4ftnr hi^at h^i^l ^p4'4'U 4'Aprf4-A^^ it will fie iM^'n from the Mount Whitney experiments that he 
w#iMld fiHVi'. fofiml a ^(uantify m^rly repn^Menting his whole 57 meters from the sun alone, and in 
MiIm vMm*. \Su*, U'tu\H'm\UT4Upf n\nu*A*, Hpmip^ucAl fiy his thi5#ir>' would apparently have been the absolute 
'/A'ttp, If Im <i li'^iiifffMfe ififiTi'iK'^'. from PouilliftV own theory', then, that in projiortion as our meas- 
iirt'UU'Uin of U4*iii from tlii'. mmm unt', largi'.r valmrs does the necessity for assigning any sensible value 
f4i fliif ^^ fi'ffi|N'nif.iire (pf h\hu'm^ ilisapiK'jir. 

iU*4tiiiipu% wit liiivi; |Hiinf4'<| out chafi|(<5M which the progress of science has introduced in Pouillet's 
I'APiu'Uip^Ufim^ W4' must not \m lUKtcrstooil f;0 M|N*jik otherwise than with admiration of the work of 
Mils VA'MtmU*4\ pliyslr'Jsi. The fiiemoir cite^I c^mtains, in a highly condensed form, the result of 
Utvnl iiiul v4ium'.U*ulUttm lalsir. Owing Ut this <M)ndensation, the author's meaning is not, in all 
I'HMi'H, MM rh^iir as mi^ttf' f^^ (h'siralile, but this unmH from the great extent and painstaking char- 
iM'h'i' of Ills n*s4'iirclM^M, ami his limited Mpa(^3 for the prem;ntiition of them. 

IH'Mi la'tM. • At iibout fhJN time Mrlloni obm^rved that in the case of glass plates or like media 
llkn pt'opoiMohM wore ?m/ traiismitted by like strata, and the cause of this was pointed out by 
htol. All amilof(oiiN ol»M4*i'Viitlon had been (as we have mentioned) made in the last century by 
liMMiborl, but waN IbrKoMen; and men the ol)servation of Melloni, importiuit as it is in its appli- 
<uilhMi to our MMbj<*cl, has beon Mlif(lit<M| or altogether overlooked by nearly all subsequent iuvesti- 
HatoiH. A notable cxrcption, iiowevor, is the work of Principal Forbes, who, even before Pouillet 
(hi |H:rj), with the aid of ProleNHor Kiimt/., and UHing IlerschePs actinometer, made a series of 
olmervatlonN at. Mrtent/ and on the Fanlli(n*n. It Ih significant of the peculiar difficulties of such 
work aN wo now oonNldor that he was led to throw away very uumerous antecedent observations 
in hivor oC ttiose id' a Nhi^b^ day, the LTdh of Heptend)er, 1832, and that he appears to have been 
oeiMiplcd during a roiiNldiMabte part of ten years in reducing these observations of one dp^y, which 
uMli a low (Mudhinatory ones nnide on the 13th and Mth of August, 1841, were published iu 1842 
In the Plilhmophleal Transaetions. 

ThlN nuMnoIr Is a model in nnvny respects to l)e followed even at the present time. Oue of its 
Mitml novel leatui^es is the appliimtion of Melloni^s observation and Biot's conclusion to the 
determination of the solar iM)nNtant, for Forbes sees clearly that if like masses do not absorb like 
phi|MirtlonN the old nde is uselesn. lie then^foit^ diseanls the exponential formula, and projecting 
Ids observations graphleally, shows that, as a matter of fact, the absorptions cannot be represented 
b> a simple geometrie progivssion, ami draws an empirieiil interiK)lating curve, by the aid of which 
he deterudmm that the solar iHUistant is ;i88.4 aetines, or, in our notation, 2.85 calories, the heat at 
the siMi lex el Inking given by him as 1.52 ealories, so that it will be seen that Forbes's observation of 
the heat nHvtxiHl at the sea level is only slightly in excess of rouiUet's. The great difference in the 
value of the solar (HUistaut iHUues iu |mrt IVtnu his iHtuelusion that all et^ual air-masses have like 
iil^orptlous, and in (mrt tVoui his lUseanUng Pouillet*8 formula, lie also finds by photometric re- 
H«Miivhi>s (hat the amount of light n^ltH'tiHl t'ixun the atnu^sphere is e^puil to that directly received 
l^>\iu the huu. bVrlHvs |Htiu(s out (hat (he mass of air tniverstHl eeaises to l>e sensibly proiiortional 
to (he HtHnuit of (ho sun's zenith distamn^ as we appnmoh the horizon, and he gives the correct 
\alue denv%Hl (Wm \a\ ThuVs^ which we have ourselvi>s employeil. lie found that the absorption 
IW a like mass of air \x<is (he s;uue \ihe(her (hat mass was of the quality of that u^ion the mount- 
aiu oi IU (he \alU\\, an olv^t^rvatiou whioh tmr gr^Mit tnuirtdemv iu ForU^s sis an ol»8er\er leads us 
(o adiuK «!«!> have Ihhmi uo(tHl l\v him in simie e\eep(ioiial easi\ but whioh does not agree with 
%Mir otv^^xatHM^s or with lluv^i^ of o( hers. 

IS*:. 8ir Ji\|iu HorsH'hol pul4ishi\s in (ho i^iH^ of IuhhI IIoih^ iHi8orv;itious« his exi^eriments, 
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made in 1836, to determine the solar constant by the heating of water, whence he obtained 191.4 
actines (1.39 calories) for radiation at sea level, and for the heat out^^ide the atmosphere, 2.09 
calories. 

1872. — M. Soret, of Geneva,* remarks that methods for measuring the solar intensity may be 
classed as static or dynamic. **In the static, two bodies arc placed in identical conditions, 
except that one receives the solar rays Hnd the other docs not. The final difference of temperature 
taken np by those two bodies will give a meamire of the intensity of the radiation." He gives his 
reasons for preferring the static method. 

M. Soret concludes that in winter, wheir the air is dry, the radiation is more intense for the 
same air-mass than in summer, and that in general, other things being equal, we obtain a higher 
valne when the air is drier than when it is humid, even when it may appear more transparent to 
the eye. He further observes thnt the dust, germs, or water vapor particles, in the air, while 
partly intercepting all radiations, must particularly affect the most refrangible ones. He confirms 
this result by interposing a definite thickness of water between the sun and his thermometer bulb. 
He very justly observes that under such conditions Pouillet's formula (t = Ap^) cannot be abso- 
Intely exact; nevertheless, he deems it practically sufficient for observations made in the course 
of a day at one station under like atmospheric conditions. By observations on Mont Blanc, he 
determines that the upper strata of the atmosphere are less absorbent than the lower for like 
masses, and concludes that the formula, which may be tolerated in the case of observations at the 
same station, proves quite insufficient where those at two different stations are to be compared. 
He proposes for observations at two different stations to write Pouillet's formula 

t = Ap*^^ 

thus introducing the barometric pressure under the second power. The observations of M. Soret 
are most instructive to the student, though it is not easy to express their result with certainty 
in our notation, since he does not give us the amount of the solar radiation, but only one of its 
effects, which is to raise the thermometer employed by him at the maximum about 16^ above its 
surroundings at the sea-level, or about 19}o qu the summit of Mont Blanc. That we do not have 
the heat outside the atmosphere" given us in set terms by M. Soret appears to be due to his 
perception of the fact that there possibly may be certain kinds of rays quite absorbed, even before 
they reach the summit of the highest mountain, and hence his distrust of the best fonnulii he can 
frame, which must rest on the results of observation of only such rays as have actually reached 
the observer. This wise reserve euhances our opinion of the value of the memoir. 

1874-1879. — M. Violle, in various communications to the " Comptes Rendus," and especially 
in two in the " Annales de Cliimie et de Physique" for 1877 and 1879, has given a new value of 
the solar constant. He believes that the relation betweeu the heat before and after absorption is 
exactly expressible by the formula 

/ = 2.54 X 0.946 '"^ 
which is a modification of Pouillet's, I here being the amount of heat which reaches the soil, 2.54, 
the solar constant, Bj the barometer, {Z — z)f^ a quantity proportional to tlie vaiM)r mass traversed. 

Although M. Violle alludes to the fact that the radiations of the sun are not homogeneous, he 
gives, as it will be seen, little weight to this consideration in the above formula, of whose sufli- 
ciency he feels certain, remarking of it, indeed, that the true law of absorption is always one and 
the same, and always represented by it without any doubt. In his observations he employs a 
modification of the globe actinometer, his use of it being to see how much the thermometer will 
rise above the temperature of the surrounding iuclosure. In such a use this instrument belongs 
then to the static method, but from this observed static excess M. Violle proposes to calculate by 
a very ingenious method the initial rate of heating of his thermometer bulb. This initial rate, 
then, on which everything depends, is not obtained by direct observation, but by a process of de- 
duction from an observation of the static kind. 

Knowing the initial rate of heating, we next require to know the exact mass of the thing 



* AsBociatiou Fran^aise pour Vavaacement de scieuce. Congr^s de Bordeaux. 
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heated in order to determine tbe'sun's eflTect. The thing heated here is not a large mass whose 
weight is readily determinable, but the minute amount of mercury contained in a very small ther- 
mometer bulb. It is easy to make a relatively considerable error in this minute* determination, 
and as here again th«i whole value of the solar constant depends upon its accuracy, this is a diffi- 
culty special to this instrument, and fuller evidence would be desirable of the means by which the 
very large value of this important constant was obtained, and of the validity of the method for 
finding the initial rate, which the data given do not enable us to verify. M. VioUe's methods are 
very noteworthy, the labor he has spent in observation (in the course of which he ascended Mont 
Blanc), has given general currency to his results. 

1876. — We cannot omit mention even in this brief sketch of the extremely original methods 
and very assiduous observation of Mr. J. Ericsson, of New York. His observations, made by 
methods entirely his own, give results for the heat received at the sea-level not very different from 
those of Pouillet. Mr. Ericsson labors, as far as possible, to take nothing on trust, but to give us 
in every resi)ect the results of observation only, riince it is impossible, however, for him to 
actually observe above the atmos[)here, he is obliged to employ some hypothesis to find the heat 
before absorption. In this case the assumption is that a certain law of progression in the diminu- 
tion of the absorption, observed at the earth's surface as we approach the zenith (where the 
atmospheric depth is unity), would also hold if we could rise above the earth's surface. Mr. 
Ericsson's most interesting investigations may be found in the volume published by him for pri- 
vate circulation in 1878 ("Contributions to the Centennial Exhibition"), and the reader who has 
not access to this will also find the more important ones in the early volumes of Nature, where he 
is advised to consult them. 

M. Crova, of Montpellier, has dealt with our subject in many most valuable memoirs. In one 
published in 1876* we have an example of excellent observations, of great care in the conclusion, 
and of a reserve of judgment which recognizes the really great difficulties of the problem and the 
really wide limits of probable error. M. Crova recognizes the importance of the effect of the 
complex character of the solar radiation and the insufficiency of Pouillet's formula, but as he is 
unable to discriminate between these radiations, he resorts to a method of allowing for their com- 
plexity, which is a further improvement on that of Forbes. He also shows that our value of the 
solar constant is, as a matter of observation, greater, as the air-masses by which we determine it 
are less. He points out some very useful precautions to take in preparing a thermometer bulb, 
and he devises a very convenient and rapid acting actinometer for his observations. (We are, 
ourselves, under the impression that his own rating of the constant of this actinometer would be 
raised with advantage if account were taken of some of the corrections which we have pointed 
out in a separate chapter.) M. Crova's observations apj)ear to us to be among the most trust- 
worthy made in recent times. He selects two days as especially good, January 8, 1875, when he 
obtains as the solar constant 1.898, and January 4, 1876, when he obtains the solar constant 2.323, 
or nearly 25 per cent, more than in the other case; and I may remark that I have myself met 
similar discrepancies under similarly favorable conditions. Remembering M. Crova's high quali- 
ties as an observer, we see that these discrepancies must be chiefly due to the different absorptive 
l>ower8 of the atmosphere on the two clearest and most similar days which he could find, and they 
present the reader an idea of the real difficulties of our task. In what other kind of obser\^ation 
than this could so great differences be expected as the final results of the greatest skill and the 
most favorable conditions! They are peculiar to our subject, and they should teach us all caution 
as to forming too absolute conclusions. 

* Mesure de V iuteusitiS calurifiquo des radiatious solaires. 



CHAPTER IV. 



PYRHELIOMETRIC OBSERVATIONS. 

Perhaps the best known instrument for measuring solar beat is one which ought to be consid- 
ered, among those still in use, the worst in principle, and in practice one of the most untrust- 
worthy. I refer to the pyrheliometer of Pouillet, which was the best attainable fifty years ago, 
and which is to be found described in every text-book on the subject. While considering the use 
of this instrument as in our present knowledge full of objections, 1 have, however, employed it as 
an adjunct to others, in order to connect these late observations with the earlier ones made by its 
inventor, and because the pyrheliometer is so generally known. I mention it first in the order of 
observation, but the reader who desires to see its historical place is referred to the chapter on 
actinometry. 

The instrument, in the form in which it was used on the Mount Whitney expedition, is essen- 
tially that described by Pouillet. It consists of a shallow, cylindrical box of thin copper, electro- 
plated with silver, and blackened on its front surface, having a diameter of 113 millimeters, and 
exposing to the sun a surface of 100 square centimeters. It is 11.2 millimeters thick and holds 
when filled, after the thermometer is in and plugged, 104.2 grammes of wBter. (On Mount 
Whitney, after August 31, 1881, it was teniporarily fitted with a cork and held nearly 108 grammes 
of water.) It has a stem, insulated from heat conduction by wood. Deducting the weight of the 
wood, which is here treated as absorbing no heat, we have — 

Grammea. 

Weight of box, 172.2 grammes ; water equivalent 16.4 

Weight of brass piece LoldiDg thermometer, 8.4 grammes ; water equivalent 0.8 

Thermometer bulb and mercury, water equivalent 0.5 

Total water equivalent of vessel and immersed portion of thermometer 17.7 

The vessel c^n be rotated around the axis of the cylinder, by which motion the water is mixed 
and kept at a nearly uniform temperature. 

" The observation is made in the following manner: The tcater in the vessel being nearly of the 
surrounding temperature^* the pyrheliometer is held in the shade, but very near the place where it 
is to receive the sun ; it is placed so that it looks towards the same extent of sky, and there, for 
four minutes, its warming or its cooling is noted from minute to minute; during the following 
minute it is placed behind a screen, and then adjusted so that on removing the screen at the end 
of the minute, which will be the fifth, the solar rays strike it perpendicularly. Then, during five 
minutes, under the action of the sun, its warming, which becomes very rapid, is observed from 
minute to minute, and care is taken to keep the water incessantly agitated ; at the end of the fifth 
minute the screen is replaced, the apparatus withdrawn into .its first position, and for five minutes 
more its cooling is observed." 

According to Pouillet ("Comptes Rendus," July 9, 1838) let R be the warming which the pyrhe- 
liometer undergoes during the five minutes of the solar action, r and r* the coolings during the 
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fivemiDote intervals preceding and following. Tbe elevation of temperature t, which would take 
place if there were no radiation, is approximately (when the loss of heat by convection ia slight) 

Let d be tbe diameter of tbe vessel expressed in centimeters, p the weight of the water which 
it contains expressed in grammes, p^ tbe weight of tbe vessel and the immersed portion of the 
thermometer reduced to a specific bciit of unity. The elevation of temperature I corresponds, 
then, to an amount of beat t {p-^ p'). 

This beat having fallen in five minutes on a surface '-, , each unit of surface has recei%'ed 

4 («-|- pM f \tp^ pi) t 

' d^ dnring tbe five minutes, and in one minute - ^ ^* • 
In tbe pyrbeliometer used ' , = 100 siinare centimeters, hence 

Calories |>er minute per square centimeter = -^ (P + J'') ^• 

If Pouillt>t's expression (wbicb we have just statetl) were correct, it would be quite immaterial 
whether the day was calm or whether a strong wind blew on the instrument, provided that it 
blew nniformlv. Pouillet himself, however, has devisetl a s|K»cial form of the instrument, covered 
with a lens to met»t tbe case of tbe wind, but has to i'orrect this sjiecial instrument by one of the 
jjrimitive form we are tliscuvssuig. Now, tbe above formula, simple a8 it seems, is theoretically 
wrong (as 1 will not st4>p to demonstnite), and tbe instrument is untrustworthy even in a uniform 
wind, as may lu» inferivtl Inim tbe following exi>eriinents. It is lM?C5iuse we can so rarely i*omniaud 
tbe condition of a |>erftH.*t calm that tbe error lHH*omes of so large impi>rtauce, though even in a 
l>erfect calm the alH)ve equations setMu to me to l>e still untrustworthy. 

A second iinictieal tlefiH»t has lH»en pi>intiHl out by others, and is, indeed, very apparent, even 
to casual observation. When we take tbe instrument out of tbe snn and place it in the shade, 
instead of falling, tbe temperature continues to rise fi»r a perceptible fraction of a minute; and 
when we take it tuit of tbe shade and put it in the sun the temi^erature continues to fall for a 
fhictitm of a minnte. If tlie w ater Ih» nit^t tborongbly agitate*!, as in our own experimenta, it is 
certain that this ettW»t will In* nineli rtHluitHl; but it will l»e still apiKirent if the readings are taken 
at short intervals, as tbe rtnuler may sih* on examining tbe illnstnitive observation in the foot-note«t 
A portion of tbe water, in fact, clings to tbe ci>p|>er, and is not removed by agitation, however 
violent. It forms a non>iH)nducting film against the iH>p(K'r surface, s«i that the actual cowluctivity 
is totally difiVrent fixun what we might ex|Ki*t, and nothing less than a system of internal brashes, 
which should S4*ra|K' away this |H'rsistent film, would sufiii*e to remove it. A very great improve- 
ment, therefore, has U'en matle by Tnifessor Tyndall in tbe substitution of mercury, a liquid which 
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does not wet the surface, and I desired to take a mercury pyrheliometer of his pattern with nie, 
bat could not obtain one till the return of the expedition. I have used, then, Pouillet's apparatus 
in its original form, for the reasons stated, although it has other errors besides those mentioned, 
and have compared its indications subsequently with those of a mercury p3Theliometer, and intro- 
duced a correction, for the diflference; but our "corrected calories^ are corrected to this extent 
only. While in deference to the long-established repute of Pouillet's instrument, we give a full 
series of observations made by it, we do not attach great weight to these values as absolute 
determinations, although they may often be found convenient as relative ones. We have accord- 
ingly omitted observations representing much labor, where the series were not so complete as was 
desirable, for, even in this clear sky, wind or other causes frequently spoils a series, and perhaps 
a whole day's work, as if both morning and evening series be complete, they are useless without 
the noon one. We give an example of but a single series in full (that for noon of August 14, made 
at Lone Pine), though the values here given for other series are reduced from similar complete 
minute readings. 

In our own reductions of the pyrheliometer we have (for the altitudes actually observed) 
treated the length of the path of the ray {M) as proportional to the secant of the zenith distance, 
and taking the barometer expressed in decimeters as (y5), M/3 represents the absorbing air-mass. 
Acconliug to Pouillet's symbols, A represents the heat outside the atmosphere (t.e., before absorp- 
tion), p the coefficient of transmission (the proi>ortion t transmitted by his unit stratum, the zenith 
depth), £ the number of unit strata traversed; and it is (erroneously) assumed by Pouillet that the 
st^me proportion is transmitted by one stratum as by another, or that j? is a constant, so that if t 
bo the observed temperature t = Aj)*. 

Our unit stratum is that which would support one decimeter of mercury. We designate the 
heat outside the atmosphere by E. The coeflicient of transmission for a unit stratum, which Pouillet 
¥mtes p, we call a, where unity is the absorbing mass overhead at sea-level or that supporting 7.6 
decimeters mercury. Whore it is expressed in terms of strata = 1 decimeter mercury, this becomes 

(p'K We use Pouillet's formula of reduction, then, under a slightly diflferent form, and writing e 

for the observed h*>at in calories, we have C = Ea^^y a formula which we have given our rea- 
sons elsewhere for believing incomplete. 

COMPARISON OP WATER WITH MERCURY PYRHELIOMETER BY SIMULTANEOUS OBSERVATIONS. 

The instiumentK used in this comparison were, the water pyrheliometer (No. 1), used on the 
expedition and alrtudy desciibed, and a mercury pyrheliometer (No. 2) made of cast-iron, nickel 
plated, and coated ^% ith lampblack on its front surface. It exjmsed a surface of 20.268 sq. cm. to 
the sun. It was mounted as an altazimuth, the thermometer-stem ])rojecting from the horizontal 
axis. Both instruments were protected from wind and variation of radiation from surrounding 
objects by cylin*lrical screens. 

The water equivalent of pyrh*^liometer No. 1 on this occasion was p + j>' = 97 -|- 17.7 = 114.7 

gntmmes, and tlie number of calories per minute per square centimeter was ..^i. {p+p*) t= .2294 ^ 
which is the formula used in reduction of series A and B. 

Gnnimes. 
For pyrheliometer No. 2:* 

The water equivalent of the iron flask 9.84 

The water equivalent of the inclosed part of thermometer 0.40 

p'= 10.24 

In series A^ : 

p + p' = 9.84 + 10.24 = 20.08 grammes. 
In series B' : 

p + p' = 0.45 + 10.24 = 16.69 grammes. 

The formula* becomes: 

Series A', No. of calories = -,!-- x (20.08) t = .1982 1. 

101.o4 

Series B', No. of calories = ,~^, x (16.69) t = .1647 1. 

101.o4 
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Table 18. 



[Date, October 22, 1881. Stotion, Allegheny. Sky, very milky with hue and clouds near horixon. Wind, 
gentle breeze. Instmoient, water pyrheliometer (No. 1). Protected from wind by a tin-plate cylinder open 
at both endi and covered with cotton. Its condition is therefore similar to that of the mercury pyrheliome* 
ter. Charge of water=97 c. c. Observer, F. W. V. Observations synchronous with series A'.J 

SERIES A. 





Ko. 


IntervaL 






Min, 


1 


5 


2 


5 


3 


5 


4 


5 


5 


5 


8 


5 


7 


5 




8 


5 




9 


5 


From N 


o. 2: t = 


Fi 


"oui N 


0. 4 : t = 



Noon. 



11^ 66- to 11^ 55- fall in shade. 

- 11 55 to 12 00 rise in sun .. 

12 00 to 12 05 fall in shade 

12 05 to 12 10 rise in sun . . 

12 10 to 12 15 fallih8ha<le. 

: 12 15 to 12 20 rise in sun.. 

! 12 20 to 12 25 faU in shade. 

12 25 to 12 30 rise in sun.. 

12 30 to 12 85 fall in shade 



Fall. 



00.28 



.45 



.55 



0.87 



1 .06 



Biae. 



so. 28 



2 .86 

i'.'ii' 



^c^ . -23+ .45 
3.28 + - 2 



- = 3^.62. CalorieH per minnte per square cm 0. 630 



.45+ .55 
2.85 -f -^ 

From No. 6: ^ = 2.85 -f '^t^ '^^ 

VT o . »r« . .67 + 1.05 
From No. 8 : t = 2.52 + — ^ 



= 3^.35. Calories per miuute per square cm 0. 768 

= 3^.46. Calories per minute per square cm 0. 794 

= 3^.38. Calories ]>er minute per square cm 0.775 



Mean 0.792 



Table 19. 



(October 22, 1881 (continntMl). Sky, very milky with haz<) and clouds near horison. Wind, gentle breeze. In- 
strument, case of mercury pyrht<lium«ti^r (No. 2) /UUd unth vxUsr. Protected from wind by pasteboard cyl- 
inder open at both ends and covered with cotton. Charge of water=9.84 c. o. Observer, J. E. K. Observa- 
tions synchronous with series A.] 

SERIES A'. 



No. ' Interval.; 



Noon. 



FaU. 



1 
2 
3 
4 

5 
6 
7 
8 
9 



Min. 

5 
5 
5 
A 
6 
5 
5 
5 
5 



After about 15 minutes' exposure to sun — 

11^ 50- to 11^ &5-> fall in shade 

I 11 55 to 12 00 riseinsun 

12 00 to 12 05 fall in iihade 

'12 05 to 12 10 risfiinsun ^ 

'12 10 to 12 15 falliushade 

12 15 to 12 20 riseinsun... 

12 20 to 12 25 falliushade 

12 25 to 12 30 rise in sun 

12 30 to 12 35 falliushade 



2o.«2 



2 .12 



•1 .56 



2 .42 



2 .97 



Kise. 



10.87 



2 .82 

♦iVro* 
"i'.'ii' 



* Uncertain. 



2 62 4-2 12 
From No. 2: <=1.37+ * ^ ' 



— = 3^.74. Calories per minute per square cm 0. 741 



.r - ««.. . 2.12 + 1.56 

From No. 4 : < = 2.32 + J 

., ^ , ^. 1.56 + 2.42 

From No. 6: « = 1.79+ ^ 

Fnmi No.H: < = 1.74 + --~^- "^ 



= 4*^. 16. Calories per miuute per square cm 0. 824 

= 3^.78. Calories per minute per square cm 0. 749 

= 4 ^44. Caloric's per minute per square cm 0. 880 



Mi'an ^. 0.799 
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Table 20. 



[October 22, 1881 (continued). Sk>, very milky but somewhat clearer t)ian at noon. Wind, gentle breeae. In- 

stmmeBt, water pyrheliometer (No. 1). .Charge of water, 07 c.o. Observer, F. W. Y. Syncbronooa with 

aeries B'.l 

SERIES B. 



No. 


Interval. 




Min. 


1 


6 


2 


5 


3 


5 


4 


5 


5 


5 


6 


5 


7 


6 1 

1 



P.M. 



1^ 00- to 1^ OS- fall in shade . 

1 05 to 1 10 rise in sun . . 

1 10 to 1 15 fall in shade 

1 15 to 1 20 riseinsnn.. 

1 20 to 1 25 fall in shade 

1 25 to 1 30 rise in sun . . 

1 30 to 1 35 fkll in shade. 



Fall. 



00,54 
.48 
0.58 
.93* 



Biae. 



20.78 
2.86 
i'.93 



.54 4- .48 
From No. 2: t = 2.78 -f- " — ir ' = 3*^.29. Calories per minute i)er square cm =0. 755 



From No. 4: < = 2.80 + 



.48 + .58 



= 3°.33. Calories per miuute per square cm =0. 764 



CO I QO 

From No. 6: t= 1.93 -f 2'~ ~ 2^«6^- Calories per minute per square cm =0. 617 



Mean 



0.712 



Table 21. 



[October 22, 1881 (continued). Sky, very milky but somewhat clearer than at noon. Wind, gentle breexe. 
Instrument, mercury p>Th<*1inmeter (No. 2) fllled with mercury according to its cnstomaiy use. Charge of 
mercury, 193.8 grammes. Observer, J. E. K. The water used in previous experiments had been eaiptied out 
and the case dried by heating it before it was fllled with mercury. The case having been heated to expel 
water the temperature at the outset was considerably above the shade reading. Synchronous with Series B.] 

SERIES B'. 



1 
2 


Interval 


Min. 

5 
5 
5 
5 
5 
5 
5 



P. M. 



1^ 00« to 1^ 5- fall in shade . 



1 
1 
1 
1 
1 
1 



05 
10 
15 
20 
25 
30 



10 
15 



tol 
tol 

tol 20 

tol 25 

tol 30 

tol 35 



rise in sun . . 
fall in shade, 
rise in sun . . . 
fall in shade, 
rise in sun... 
fall in shade. 



FaU. 
40.47 I 

zliil" \ 

"2*.*75 
2.85 



Rise. 



I 10.26 
!*"'2'.*i8' 
" i .90 



From No. 2: t 
From No. 4: t 
From No. 6 : t 



1. 26-f J" - — =50.49. Calories per minute per square cm 0. 904 

= 2.98-f '^J^* =6^.35. Calories per minute per square cm 1.046 

2 75 I 2 85 

= 1.90-f-- 2 * =r4°.70. Calories per minute per square cm 0.774 



Mean 0.908 

Table 22. 

From the above simultaneous observations we have the eflSciency of pyrheliometer No. 2 in 
tenns of No. 1. 



No. 2 fllled with water. Series A and A'. 



No. 2 filled with mercury. • Series B and B' 



_ . No.2 .741 ^ 

^^>° Noil = .830= '^ 
_ ^, Na2 .824 , „ 

«**'«N5ri = .768 = '-^' 
^ ., No. 2 .749 ^. 

^'"'Mo.i = .TO4= •»♦ 
„ .. Na2 .880 , ,, 

«^»i.l = :775 = »" 
Mean efficiency of No. 2 fllled with water = 1.01. 



^"^Ni;i = .-755 = ^20 

^,. No. 2 1.04« , ., 

^***>No.l=.7M=-^«7 

Ratio ^?-2^-|JJ = 1.25 
No. 1 . 817 

Mean efficiency of Na 2 filled with mercury 



= 1.27. 



Accordingly we adopt the multiplying factor 1.27 for the reduction of a result obtained with 
a water, pyrheliometer to what it would have been if obtained with an instrument employing 
mercury as its liquid. 



60 KESEABOHES ON SOLAR HEAT. 













...l..**... 


■■ 















3.M 

"a'.ia" 



FmiiiNo. 2: ( = 4.78+ — +''*=6'^.in', Calnrles per iiiinut« iier Miiinre cm 1.350 

FmiiiNo. <; t = 4.I0+^-'*^+^'?=6^.(ir,. CnlorieH per ininntp i<er wiiinre cm 1.246 

KromN.i. B: ( = 3.90+?-15i'?:^=G°.ar.. Calorien i>m nijinit* per sqiiaro cm l.SW 

FniniNi). rt: t-3.24+^-^^^''* =5°.r<l\. Calorics per mimit* per Bqiinre cm l.US 

FromNt^lO: ( = 3.:W+'^*^+''-*'=f)-,«2. CalorioH per minute per wjiisre cm 1.199 

Meoii ■ 1.B9& 

Knlucett to Nlamlnnl iiierriiry pyrlieliometer l.fiSft 



i 4 10 ta« IS rlHiainn 3°-M 

!■ 4 i:. to4 ai full In nluile 1 .W 

S 4 20 Ui4 a rihelnsun 3.44 

S 4 SS 104 30 tnlHoihMle 1.92 

S 4 30 Ia4 85 rlMlanin 3.10 

5 4 3S (o4 40 rail in shulf S.55 ; 

t 4 40 to 4 4$ riMlniinn - 2 .47 

i 4 4S <o4 SO falllDtlilda 1.40 

S 4 so l»4 »> rlHinniia S .38 

,1 4 OS luS 00 MliDihide 3.43 

Vmrn Nil. a-. ( = :t.46+ '■^^+''"*=.V.OO. Calorics per minuto per square cm I.IKW 

From No. 4 : ( = :i.44+ V.^+^-*' = .V.SIt. Calories per miiinle per sqnarc cm 1.077 

b>omXo.(i: f = 3.l0+-'?=^^''''' = ^i'-\:t4. CaloricH per miimtc per square cm I.IW 

Fnmi No. t? r ( = 2,47 + ?--^+-''*^ = 4= .94. Calorii« per minute per sqnnre cm 1. 018 

FromNr>.l«: I = 2.2rt + '*'*''+''-*' = 4".69. Calories imt minute per square cm 0.966 

MeuD 1.038 

Iteilneed to stanilsnl mercnry pyrbcliometor I.S18 
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Table 26. 

[Dato, Aafnint 11, 1881. Station, Lone Pine. Observer, A. C. D. Skj, clear. Wind, gentle. Charge of water^ 
93.6 c. c. (put in at 10 a. m.). The excessive temperature of the air put a stop to the readings at 11^ 55" by 
sending the mercury above the scale. Barometer O,) =6.64. Length of pathofray (If,) =1.078. (if, ^,) —7. 16 I 



No. I Interval 



Noon. 



Fall. 



Kise. 



1 
2 
3 



Min. 
5 
5 
5 



Ilk 35» to U^ 40- fall in shade. 
11 40 toll 45 liscinsun... 
11 45 to 11 50 fall in shade. 



0^.80 
'i.25' 



40.60 



^00 4- 1 2r 
From No. 2: ( = 4.60 -f ' * '* = 5^.63. Calories per minute per square cm 1.25:^ 

Reduced to standard mercury pyrheliometer 1.591 

Table 26. 

I Date, August 11, 1881. Station, Lone Pine. Observer, A. C. D. Sky, clear. Wind, fresh. Charge of water, 
Q3.6 c c. Barometer (fi,,) = 6.62. Length of path of ray (2f„) =2.166. {M,A,) = 14.33. J 



No. 


Interval 




3ftn. 


1 


5 


2 


5 


3 


5 


4 


5 


5 


5 


6 


5 


7 


5 


8 


5 



P.M. 



Fall. 



4^ 05- to 4>> 10* fall in shade 

4 10 to 4 15 rise in sun . . 

4 15 to 4 20 fall in shade. 

4 20 to 4 25 rise in sun . . 

4 25 to 4 30 fall in shade. 

4 45 to 4 50 fall in shade. 

4 50 to 4 55 rise in sun . . 

4 55 to 5 00 fall in shade. 



Rise. 



lo.OO 



1 .26 



3". 86 

3*. is* 



1 .86* 
1 .44 



3 .05 



2 .24 



From No. 2 : < = 3.86-|- 

From No. 4 : t 

From No. 7 : < = 3.05-f 



1.00-f 1.26_ 



= 4^.99. Calories per minute per square cm 1.111 



^1.. 1.26 4-1. J^ 



= 4°. 71. Calories per minute per square cm 1.048 



1.44 +2.24 _ 



= 4°. 89. Calorics per minute per square cm 1.089 



Mean 1.083 

Keduced to standard mercury pyrbeliometer 1.375 

Table 27. 

(Date, August 12, 1881. Station, Lone Pine. Observer, A. C. D. Sky, fair 'with drifting cirro-cumulus clouds. 
Wind, gentle. Charge ol^ water, 91.3 cc. (Put in August 11, at 8^ p.m.) Barometer 0,;)= 6.64. Length 
of path of ray (lf„) = 2.184. (if„^„)= 14.61.) 



No. Interval. * 



A.M. 



1 

n 

M 

3 
4 

5 
6 
7 
8 
9 



Min. 

5 
6 
5 
5 
5 
5 
5 
5 
5 



7^ 15- to 7^ 20- fall in shade. 



7 
7 
7 
7 
7 
7 
7 
7 



20 
25 
30 
35 
40 
45 
50 
55 



to 7 25 

to 7 80 

to 7 35 

to 7 40 

to 7 45 

to7 50 

to7 55 

to7 60 



rise in sun . . 
fall in shade, 
rise in sun . . 
fall in shade, 
rise in sun . . 
fall in shade 
rise in sun . . 
fall in shade. 



Fall. 
00.91 

"o'.'bi 



Bise. 



80.60 
8.41" 



1 .21 

i'.io' 



3 .41 
3 .'21 



From No. 2: t-. 
From No. 4 : t 
From No. 6: t 
Frt>m No. 8 : < 



3.60 -f i?Lii§l = 4^.46. Calories i>er minute per s<iuare cm 0.972 

81 4- 1 21 

3.41 -f' TV*:* = 4°. 42. Calories per minute per square cm 0.963 

3.41 4- 1- "ri — ==4^.72. -Calories i)er minute per square cm 1.029 

i 

3.21 -f ^•^^"+'^-^'^ = 40.68. Calories per minute per s<iuare cm 1.02U 



Mean 0.996 

Reduced to Htaudard mercury pyrbeliometer 1.265 

12535— Xo. XV 8 
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Table 33. 

1>MU AacMt ]<. V^A. ScatidB. LoMPIae. OlMcrver. A.C. D. >kj cVsr. Wiai, fretk: rvmUe. Ckarcr 



Su. iBterraL Xma. FaO. 



1 5 ]]*2> toll* M^ fail -BfthMi^ ♦:.TS 

2 S 11 «• toll 4^ riMriBMB ^-.T8t 

I i 11 45 toll M HftDiBfthwie l .«• 



4 5 11 » toll Vf riMiBMB 4 . ]# 

5 5 11 K toll M fklliBAhade 2 .!• 



« ^ 12 m :ol2 05 rueiBMB a.M 

7 5 12 « tol2 1# faUiashafie 2 .« 



* 5 12 1* to 12 15 TWkinuan 3.34 

» 5 12 15 toll 20 falliB»kafl« 2 .♦4 



1* 5 12 2* to 12 25 falliBthBde 3.; 

U '. 12 25 to 12 30 faU ia ftfaBil^ 3 .« 



From Xo. 2: /=4.7--f '^J " =:6-Jf7. Calories per minote per s^oare cm 1.250 

Krrrtn Xo. 4: / = 4.10-f ''*^'^ •*"=6 .«f>. Calories per minute per s^jnare cm 1.246 

2 104-2 GO 
VrtftaSo. 6:/ = 3.9i>H — ^ — ^^_ =6-.2r». Caloriet« per minute per sqnare cm l.^?7 

Frrmi Xo. r: / = 3.24-f J" ' =o-.rjti. Calories per minute per square cm 1.145 

Vttmx .No. 10: < = 3.:» -f '^^^*^— ^ =6-.'-2. Calories per minute per scjuare cm 1.199 

M^^n 1.825 

K^uctf^l to ^andanl mert-urj- pyrheliometer 1.556 

Table 34. 

I>aU Aai^Kt 14 \^\. SutioD. Lone Pine. Observer. A. C. D. Sky. clear. Wind, gentle to fresh. Charge 
'W^ water. «i5.3 grammM. liarometer O .) = S.n. Length of iMth of ray (JT »= 2.1 4d. <if 3,.> = 14.20.] 



Su. 


Int«rral. 




ifiB. 


1 1 


5 


2 


5 


3 


.'» 


t 4 


5 


r. 


m 
O 


c 


5 




.5 


» 


5 


I 'i 


5 


10 


« 

;« 


11 


5 



P. M. FaU. IUm. 



4«0.> to4M0- fallin shade 1-.42 

4 10 to4 15 riseinHon 3=.46 

4 I'l to4 20 fallin>thade 1.86 

4 20 to4 -^5 riseinsun 3.44 

4 ZS to4 30 fallinsbade 1.92 

4 30 to4 35 rifleinsnn 3.10 

4 35 to4 40 fsllinshade 2.55 

4 40 to4 45 riMinsnn 2.47 

4 45 to 4 50 fallinshade 2.40 

4 50 to4 55 riseinsun 2.28 

4 55 to 5 00 fallinshade 2.42 



KromNo.2: « = :{.46-f ^'^^^^-^ =5 .00. Calories per ininute per square cm 1.0:» 

From No. 4 : < = 3.44 -|- - - 7^ * = :'> .2:J. Calories per minute per square cm 1.077 

Frotn No. 6:1 = 3.10-f ^•??+'^'*"'* = r» .34. Calories \^t minute i)er square cm 1. 100 

Fr<»m No. H: / = 2.47 4-^—+-^ -^^= 4^.94. Calories i>er minute per square cm 1.018 

Frotn N<». 1(» ; « = 2.28 -f- '^-^^-^^-^^^ = 4^.69. Calories per minute per square cm 0. 966 

.Mean 1.038 

Ke«lu(>e4l to stantlanl mercury pyrheliometer 1.318 
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OBSERVATIONS WITH THE PYRHELIOMETER MADE AT MOUNTAIN CAMP, MOUNT WHITNEY.* 

Table 35. 

(Date Aagost 29, 1881. Station, Mountain Camp. Observer, J. J. N. Sky, deep bine. Wind, ligbt breeze. 
Charge of water, 90 Kranimes. Barometer 0„) =4.98. LengUi of path of ray (M„) = 1.955. (3f„ $„) =9.74. J 



No. Interval 



A. M. 



1 
2 
3 



Min. 
5 
5 
5 



After )5 minutes' exposure to sun- 
s'* 00* to 8^ 05- fall in shade 

8 05 to 8 10 riseinsnn 

8 10 to 8 15 fall in shade 



Fall. 



2°. (a 



Rise. 



I 



2°. 57 



2 .00 



2.63+2.00 
From No. 2: t = 2.57 "ho =4^^.89. Calories per minute \uiT 8<iuare cm 

Reduced to standard mercury pyrheliometer 



1.053 
1.3:17 



Table 36. 

[Date, August 29, 1881. Station, Mountain Camp. Observer, J.J.N. Sky, deep blue. Wind, light breeze. 
Charge of water, 91.3 grammes. Barometer 0,)=4. 98. length of path of ray (JfJ = 1.125. {M, p,) =5.60.] 



No. IntervaL 



Noon. 



I Fall. 



Rise. 



- - 1 



1 
2 
3 
4 
5 
6 
7 



Min. 
5 
5 
5 
5 
5 
5 
5 



After 15 minutes' exposure to sun— 

IIMO- to 11^ 45- fall in shade 

11 45 to 11 50 riseinsnn 

11 50* toll 55 fall in shade 

1155 to 12 00 rise in sun 

12 00 to 12 05 fall in shade 

12 05 to 12 10 riseinsnn 

12 10 to 12 15 fallin shade 



30.57 



,1 



30.88 



3 .21 

iVoi' 
'3 .'62' 



3 .48 
""3".'W 



V 



From No. 2: t 
From No. 4 : / 
From No. Q: t. 






= 7^.27. Calories per minute per square cm 1. 584 

= 7*^.11. Calories per minute per square cm 1. 550 

= 7^. 19. Calories per mii^itc per square cm 1.5(57 



Mean 1.567 

Reduced to .standard mercury pyrheliometer 1. 990 

Table 37. 



V 



[Date August 29, 1881. Station, Mountain Camp. Observer. J. J. N. Sky, dei^p blue. Wind, light breeze. 
Charge of water, 90.3 grammes. Barometer (P„)= 4.99. Length of path of ray {31,,) — 2.791. (if,, P„)~ 13.93.] 



No. 


Interval. 




Min. 


1 


5 


2 


5 


3 


5 


4 


5 


5 


5 


6 


5 


7 


ft 


From N 


0.2: / — 


I-Yom N 


0.4: i = 


From N 


0. 6: t — 



P.M. 



Fall. 



Rise. 



After 15 minute's' exposure to snn- 

4^ 25- to 4^ 30" fall in shade 

4 30 to 4 35 riseinsnn 

4 35 to 4 40 fall in shade 

4 40 to 4 45 rise in sun 

4 45 to 4 50 fall in shade 

4 .M) to 4 55 rise in sun 

4 55 toft 00 fall in shade 



20.68 



2 .81 



2 .74 



3 .12 





3^.59 


3 


.32 


3 


.24 



1 Qo _i 2.fil -f- 2.74 
3.32+ ^^ 

3.24-f--^li'— ^- = ()0.17. Calories per minute per square cm L33:J 



6*^.24. Calories per minute i)er square cm . 
:C^.OO. Calories per minut^^ i»er square cm., 



. L348 
1.290 



Mean 1.326 

Reduced t-o standard mercury pyrheliometer 1.684 

'- Owing to the high clifi's on the east, and the consequently late sunrise of the camp, the morning observa- 
tions here were necessarily taken later than those at Lone Pine, while the evening ones were at the same hoar. 
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Table 44. 



[THite, S<>ptenibcr 1. 1881. Stafion, Monntain Camp. Obnerrer, J. J. N. Sky, doepbliie. Wind, liglit breeze. 
Charge of water, 107.3 ^animeH. Barometer (^,,) =5.00. Length of path of ray (If;/) = 1.83C. {M,, fi„)~9.lS.\ 



No. Interval. 



J/tn. 





5 


8 05 


to 8 10 


3 


r» 


H 10 


to 8 13 


4 


5 


8 15 


to 8 20 


.5 


5 


8 20 


to 8 25 


6 


5 


8 2.-> 


to 8 30 


7 


5 


8 30 


to 8 35 



A. Al. 



After 15 minuteA* exposure to sun — 

j<k00* to8^05« fall in nharte 

rine in sun 

fall in shade 

rise in snu 

fall in shade 

I Ihc in Hun 

fall in shade 



Fall. 



Rise. 



I 



00.83 



I .25 



1 .37 



4*3. 60 
"3 .'86*' I 

'"3 .ii'* 



1 .66 



From No. *J : ( — 4.60 + \,^ 

l.*ir> 4- 1.37 
From No. 4 : ( — iJ.Wi + ^ - 



= 5' .6'!. (*a]oric8 per iniiiut4) pur square cm 1. 410 



= 5*^.10. Calories per minute per square em 



From No. G : i = 3.GI) -f 



l.:X7 + i.m _ 



•> 



- = 5^.21. Calories per miinit« pi-r square cm 



... 1.2l>0 
.... 1.3(h> 



Mean 1.334 

Ke<luce(l to standanl mercury pyrheliometer 1. (594 

Table 45. 

(Date, 8«»ptemlM'r 1. 1881. Station. Mountain Camp. Observer. J. J. N. Sky, deep blue. Wind, fresh breeze. 
Charge of water 107.3 grammes. Rarometer O,)--5.00. Len^^th of path of ray (.1/,) = 1.132. (3/, 0,)-5.67.| 



o. 


Interval. 




Mill. 


1 


5 


•» 


5 


3 




4 


5 


.'» 


.'i 


(i 


5 


7 


5 



N<»on. 



Fall. 



Uise. 



After 15 niinut^^H' exposure to sun- 
HMO" to 11^.5" fall inshatle 

1 1 45 to 1 1 50 rise iu sun 

11 50 toll .55 full in ffhade 

11 55 to 12 00 rise in sun 

12 00 to 12 05 fMll iu shade 

12 05 to 12 10 rise in sun 

12 10 to 12 15 fallinshade 



lo. 85 
i'.*7i" 
2 .74" 



30.68 

'3 03' 
"3 .23* 



1 or I •! •»-| 

Fn)m No. -i : t -^ \U]S -f- * "J '' 



= 5c. 4(). Calories per minute per s(|uare cm 



, V • ' 1'71 + ^•74 

From No. 4 : / = 3.^3 -f ' ^^ "' - ~ 6' .U>. Calories per minute per square cm 



From No, ti : ( = 3.23 -{- " Z 



= 5 .74. Calories per minute per s(]uare cm. 



. ■ • • 1* «50d 

.... 1.540 
.... 1.4:J5 



Mean 1.447 

Reduced to standard mercury pyrlieli<mieter l.KW 

Table 46. 

(I>ate, S«»ptei»l»er 1, 1881. Statiou. Mountain Camp. (»bser\er. J.J. N. Sky, deep blue. Wind, fresh breeze. 
Charge of water, 107.7 i:nimmes. Barometer 0„) ^4.09. Length of path of ray (if,,) =2.950. {M„ fi„) - 14.77.] 



Xo. 


Interval. 
Min. 




1 




4" 25 


•1 




4 M 


3 




4 r> 


1 




4 40 


5 




4 45 


H 




4 50 


1 




4 .V» 



P. M. 



After 15 minutes' expoHure to sun — 
4" 25- to 4* 3(>» fall in shade 



to 4 35 rise in sun . . 

to 4 40 fall in shaile. 

t4i 4 45 rise in Mun .. 

to 1 ,'iO fall in shade, 

to 4 55 rise in sun .. 

to 5 00 full in shMle. 



Fall. 



P. 80 



Kise. 



1 .00 



1 .60 



30.00 

'2. 05' 

2". 6©* 



2 .33 



Fn»m No. '2: t = 



. , l.HO-fllHl 



l.IH» -f l.i^tl 
Fn)m No. \: t =^ 'Z/Xy + !^ 

Fn»m No. t»: / = 2.tJl» -f - ^ * 



= 4 .iM. Calories per minute per siiuare cm 1. 239 

= 4°.70. Calories jkt minute per square cm 1. 17U 

= 4 XA'k Calories per minute per s^piarc cm 1. 100 



Mean 1. IDG 

Keduced to standard mercury pyrheliometer 1.519 



P YRHELIOM ETRIC OBSERVATIONS, 



61 



OBSERVATIONS WITH THE PYRHELIOMETER MADE AT MOUNTAIN CAMP, MOUNT WHITNEY 

Table 35. 

[Date Augnst 20, 1881. Station, Mouotain Caiup. Observer, J. J. N. Sky, deep blue. Wind, Hgbt breeze, 
(/barf^ of water, IM) grauiraea. Barometer (p,,) =4.98. Length of path of ray {2t„) = 1.9(>5. (M„ 0„)=9.14. \ 



No. Interral. 



1 
2 
3 



Jdin. 
5 
5 



5 



A. M. 



After 15 minntes* exposure to sun — 

8^ 00- to 8^ 05- fall in shade 

8 05 to8 10 rise in sun 

8 10 to 8 15 falliushade 



Fall. 

2^. ft! 
2 .00 



Rise. 






2^.57 



2.6i54-2.00 
From No. 2: t = 2.57 -|- * ^j ' = 4^.89. Calories per ininut«> per w|uaro ciu 1. 0r»3 

Reduced to Htaiidard iiierciiry pyrheli<Hiicter 1. 'X^ 

Table 36. 

[Date, Aagnst 29. 1881. Station, Mountain Camp. Obser^'er, J.J.N. Sky, deep blue. Wind, light breeze. 
Charge of water, 91.3 grammes. Barometer {P,)=i. 98. Length of path of ray (if/) = 1.125. (M, p,} =5.60.] 



No. Interval. 



Noon. 



1 
2 
3 
4 

5 


7 



Min. 
5 
5 
5 
5 
5 
5 
5 



After 15 minutes' exposure to sun — 

llM0«tollM5-faUinshade 

1145 toll 50 riseinsun 

11 50 toll ^5 fall in shade 

1155 to 12 00 riseinsun 

12 00 to 12 05 fallin shade 

12 05 to 12 10 rise in sun 

12 10 to 12 15 fall in shade 



Fall. 
30.57 

s'.Ti* 

"4 .64' 
"3 .02* 



Rise. 



30.88 1 
3 .48* 
"3 .'66*' I 



From No. 2: t = 
From No. 4 : / = 
From No. 6: t~ 



3.88 -{-' * n * = 7^^.27. Calories per miuiite per square ciii 1 . r>84 

3.21-4-4.04 

:3.48-t--* 2 =7'^.n. Calories per minute per square cm I.Tk'VO 

4.044-3.02 .^ ^ , . 

3.ri6-|- 2" ^^'^.ly. Calories per minute per square cm lJi67 



Mean L.%7 

Reduced to standard mercury pyrbeliometer 1. 990 

Table 37. 

[Date August 29, 1881. Station. Mountain Camp. Observer. J. J. N. Sky, deep blue. Wind, light breeze. 
Charge of water, 90.3 grammes. Barometer (/i„)=4.99. Length of path of ray {M„) — 2.791. {M„ fi,,)— 13.93.] 



No. ' Interval. 



P.M. 



Fall. 



Rise. 



1 
2 
3 

4 
5 

e 

7 



Min. 
5 
5 
5 
5 
5 
5 
5 



After 15 minute's' exposure to sun — 

4^ 25- to 4k 30* fall in shade 

4 30 to 4 35 riseinsun 

4 35 to4 40 fall in shade 

4 40 to 4 45 rise in sun 

4 45 to 4 50 falliushaile 

4 .'tO to 4 55 rise in sun 

4 55 to 5 00 fall in shade 



2^.68 



2 .61 
2* .'74 
3' .12 





3- 


.59 


3 


.32 


3 


.24 



From No. 2: t = 3.59-f*'^-^+^*^^ =6^.24. Calories per minute per s^piare cm L348 

I-^om No. 4: ( = 3.32-f^'- * ^*' =6^^.00. Calories per minute per square cm L2y6 

From No. 6: < = 3.24-f *'^'''*i'-*~ = ()0.17. Calories per minute per square cm L33:i 

r 

Mean L32C 

Reduced to standard mercury pyrheliometer L684 

' Owing to the high cliffs on the east., and the consequently late sunrise of the camp, the morning observa- 
tions here were necessarily takln later than those at Lone Pine, while the evening ones were at the same hour. 
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Table 44. 

[Date, S4>pt«nilHT 1, 1881. Staiion, Mountain Camp. Observer. J. J. N. Skj-. deep blue. Wind, Ii};ht breete. 
Cliar):<^ of water, 107.3 jcrMmmes. Barometer (/9„)= 5.00. Lenjith of patbof ray (ir,«)=1.836. (ir,^ ^„)=9.18.1 



No. 


Interval. 




J/tn. 


1 


•> 


•J 


5 


3 


:» 


4 


5 


5 


r» 





r» 


7 


5 



A. M. Fall. Biae. 



After 15 niinutcM' expttsure to snn— 

Hk(H>- toHk05"fainn Ahade ^ 0o.83 

8 05 to 8 10 riHeinsuu 4-.60 

8 10 to 8 15 fallinAbade 1.25 

8 15 to 8 20 rideinnun 3.85 

H 20 to 8 25 fallindhade 1.37 

8 25 to 8 30 liiuMn Huu 3.60 

8 30 to 8 35 fallinnhade 1 .« 



From N». *i: / — 4.(U> -f »> " = Tv .0)4. (.'alorioa i>er minute ih.t siiii.ire cm 1.410 

1 '^'> 4- 1.37 

From No. 4 : t ~.. :i.K» -f- ^ *> * = •'^'^'.ir*. Calorics i>er miiiuti* i»or 8<iiiarc cm l.!£K) 

From No. t> : ^ = 3.t>l> -f ' o * -* =^ ^'■'•*"^1- Calories i>cr minute |H.*r square cm 1.302 



Moan l.:m 

KiHhircd to standard mercury pyrheliometer l.<®4 

Takle 45. 

(l>ale. S<<ptenilM'r 1. 1881. Station. Mountain Camp. Oliserver, J. J. N. Sky. d«'ep blue. Wind, fhrnh breeze. 
Charge of water. Iu7.:i grammes. ltan»meter id.) -.VOO. I^ength of path of ray (Jf i=l.l33. iJ/. ^.)=5.67.| 



No. 


Interval 




JIlH. 


I 


:» 


•ft 


• 

.» 


;» 


m 


4 


5 


.'» 


.» 


«• 


5 


t 


5 



Niton. Fall. Rise. 



After 15 minuter' expt»»urt» to sun — 

11^ 40- to UM:!" fallin shade 1<^.M 

11 45 toll 5t» riMMU sun 3-. 6* 

11 5t» to 11 .V> fallinvhatle 1.71 

1155 to 12 00 rise in Hun 3 93 

12 00 tol2U5 fMllinshade 2.74 

12 05 to 12 10 riseinsun 3.23 

12 10 lo 12 15 faUinshade 2.28 



From No. ",*: t — Xi^ -f- * .> * — •V.4t». Calorie* iH»r minute per si|itaiv cm 1.965 

1 *1 4- ** '*4 

Fnmi No. 4 : ( = 3.l»;l -f ** ^ '** :^ t> .U>. Calories |»er minute per siinare cm 1.540 

•.74 -t- -.^iS 

Fr\»m No. t*»: t = ^l.'iT.l + '* ,, '""^ — ;v .74. Calories* i>er minute per ^juare cm 1.435 



Mean 1.447 

KiHiucetl to staudanl mercury pyrheliometer l.SS? 

Tarle 46. 

l>ate. Septenilter 1. l.v^I. Station. Mountain Camp, t^bser^er. J.J. N. Sky. deep blue. 'Wind, fteah breeie. 
Chance of WAler. lOT.T ;*rummeH. Barometer \S »-4.M. Lenjcth of path of ray t Jf i=2.93V. iJf d ».= 14.77.] 

V. M. FaU. Rise. 

.Vtter 15 minutes e\tH«:<>urv to sun— 

l» 2:»- to l» *»- f-U m nhjMle l.»» 

4 .W lo 4 ;0 rtne in !*un J-.*t 

4 .C» tol40 fall in !iliat|e l.W 

4 40 lo 4 45 vi w m Min 2 . tS 

4 4:» io4.V» full in sbaile 1 .« 

4 >> lo 4 Jo rise in suu 2.* 

4 55 lo v A» fdlUn sliJtale 2 . J3 

l.S» 4- 1 i»i» 
Frvuu No. ".*: t XW -t- ^ — 4 .IM. l*atoiie« jvr minute |»er ai*|uare cm 1.^39 

FrvMu No- I : t — "',*.'A*» -f *> - - I-'. TO. i'alohe* jht luiuute i>er ss«juan' cm 1. ITV 

Fr\mi No. ti; f- "^.t^* -t- ., '"' — I'.wi. CaIorie» |«er luiuute i^er 9iiuare cm I. ltS9 



No. 


Interval 




Jfiu 


I 


5 


•t 






."» 


4 


• 


• 


5 


^ 


5 


• 


5 



Me;iu 1. 1« 

Ketluc«,*«l to »tjindjir\l mer%*ury \*\ rhelioiucter 1. 519 
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WHITNEY PEAK. 
Table 47. 

(Dat... S«>]>toni1jci- 5, 1881. Station, jM^ak of Wliitney. Observer, J. E. K. Sky, deep bine but Moniewhat 
niiioky from fo est flre». Wiud, frunh, variable. Charge of wat*<r, 106 I Knimmei}. Uirometer (ff,) -=4.46. 
Leri|;th of path of ray ( JfJ = l.lOi. (M, p,) = 5.32. Stronj^ gHSt of wind.] 



No. I IntervaL 



Noon. 



1 
2 
3 
4 

h 
6 

7 



Fall. 



Riae. 



llin. 
5 
5 
A 
ft 
5 
5 
5 



12^ 

12 

12 

1 

1 

1 

1 



After 15 miniitea' expoaure to nuu — 

45" t« 12^ 50- fall in ahade 

rine in snn 

fall in abado. 

riae in aim 

fall in ahade 

riae inann 

fall in abade 



.50 
55 
00 
05 
10 
15 



to 12 55 
(o 1 00 

1 

1 

1 



to 
to 
to 
to 



05 
10 
15 



1 20 



10.80 

2*. 'so 

'2".'24' 

2. 72* 



30.50 

'3".*56" 

3*.' 36* 



From No. 2 : t 
From No. 4 : t 
From No. 6 : t = 3.36 -f- 



3.50 -f ^ 



2.24 -f. 2.72 



= 5°. 80. Calories per roiuute per square cm 
= 6*^.07. Calories ihst minute per square cm 
= 5^.84. Calories per minute per square cui 



.... 1.436 

• • • • 1 . «>U<5 

.... 1.446 



Mean 1.462 

Reduced to staudanl mercury pyrbeliometor 1. 857 

Table 48. 

(Date, September 8, 1881. Station, peak of Whitney. Obaervor. O. E. M. Sky, very haiy. Wind, ?. Charge 
of water, 106. 1 gramniea. Barometer O,) = 4.46. Length of path of ray (Jf,) = 1.236. (If, ^,) = .).5l.| 



I 



Na 1 Interval. 



1 
2 
3 
4 
5 
6 
7 
8 

10 
11 



Min. 
5 
5 
5 

a 

5 
5 
5 
5 
ft 
5 
5 



12«' 51« 
12 56 
1 01 
1 06 
1 11 
1 16 
1 21 
1 26 
1 31 
1 36 
1 41 



P. M. 



30>> to 12^ 56- 30* fall in ahade 



SO to 1 01 30 riae in snn . . 

30 to 1 06 30 fall in nhade 

30 to 1 11 30 riaeinaun.. 

30 to 1 16 30 fall in ahnde 

30 to 1 21 30 riae in aim . . 

30 to 1 26 30 fall in nhade 

30 to 1 31 30 riae in aim . 

30 to 1 36 30 fall in ahade 

30 to 1 41 30 riae in ann . 

80 to 1 46 30 fall in abade 



Fall. 



00.68 



Riae. 



1 .15 



1 .80 



.70 



1 .50 



1 .62 



30.23 
'3*. 80 



3 .00 
3. 70 
3*. 02 



From No. 2: t = 3.23 + ^'^^h^'* 

From No. 4 : t = 3.e0 -f * "* 2 - 

1.30 + 0.70 
From No. 6: t = 3.00-f ^ 

0.70 4-1.50 
From No. 8: 1=3.70 + ^ 

.. ,^ «^ . 1.50 + 1.62 
From No. 10: t = 3.02 -\ ^ 



= 4°.10. Calories per minute per square cm 1.015 

= 5*^.03. Calories per minute per square cm 1. 245 

= 4^\00. Calories p«T miuuto pv.r square cm 0. 990 

= 4*^.80. Calories per minute per square cm 1.188 

^. 4^^.58. Calories per minute per square cm 1. X'M 



Mean 1.114 

Reduced to standard mercury pyrheliometer 1.415 

DISCUSSION OF PYRHELIOMETER OBSERVATIONS. 



We observe considerable variations in the measured beat between one day and anotlier, even 
when tbe sky appears equally clear. In fact, with this instniinent only a quite absohite calm is 
suitable for observation, and as we approach this rarely attnined conditi«)n the readings will rise, s^ 
thiit these may be considered as usually too U)w, owing to this cause ah)ne. We have just obtain( d 
by our comparison with the mercury pyrheliometer the multiplying fiictor 1.1*7, which may be 
considered to introduce an approximate correction for the non conductivity of the water, already 
12535— No. XV 9 
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referred to; but there are several small eoiTectioiis wliieli Ponillet omits, and wliicb, though not 
pn)i>erly negligible, we omit also here, though they are given in full in connection with the acti, 
nometer. It is, in fact, a vraste of labor to attempt the serious task of determiningthese 8i>ecial 
values for the pyrheliometer, and for the ])urpose of improving so unsatisfactory an instrument; 
but we remark that the omitted corrections are in general of the positive sign, so that the value 
of the solar constant, which we now jjroceed to deduce hy Pouillet's method, wouM be still greater 
if these were introdured. The values we use are taken from the preceding tables, where they are 
expresswl in calories, one calorie being the amount of heat required to warm one gramme of water 
from (P to 1 Centigrade, and the solar constant being expressed by the number of calories i)er 
minute given by the sun's rays before absorj)tion falling nornially on 1 sq cm. Thus, on August 
14th, we obtained 1.394 calories as the heating eftect of the sun per minute in the morning at Lone 
Pine, where its rays fall normally on a surface 1 cm. square, a value which we consider as below 
the truth. 

Ijet M, [i, represent the absorbing air-mass at the noon observation, ilf„/?„ that at the morning 
or evening observations, or their mean. Let C, denote the corrected value in calories found by 
the noon observation and C,, that by the morning or evening observiitions, or their mean. 

Then E being the heat before absorption, /. e., the solar constant, a the coefficient of transmis- 

. I? 
sion through the entire atmosphere (such as would support 7.6 dm. of mercury), a'* is the coeffi- 
cient of transmission. 



"=(?:) 



JfuPu — M,P, E =Z 



C, 



7.6 



Thus, on August 14 — 

3/,;3f, = 7.18 M„ {i,, (morn.) = 15.25 3/„ /?„ (eve.) = 14.20 

C = 1.558 C„ (morn.) = 1.31)4 d,, (eve.) = 1.318 

and if we determine a from noon and morning observations, we have 

a = 0.9005 E = 1.789 

If from noon and evening observations — 

a = 0.8342 i; = 1.783 

We should, by Pouillet's theory, find the same values for a and E under either circumstance. 

Table 49. 

KedHvdon of lAtne Pine pifrheliowelei' obnerratioua by PotiiUeVs formula. 

[Computation of a. Computer, A. B. S.J 



D4t». 



MoniiDg and noon. Evenini; and noon. 

Au;;uiit 12. August 13. Aujrust 14. August 11. August 12. August 14. 



Ix>g.7.0 0.8808 0.8808 0.8808 0.8808; 0.8808 0.8808 



Jf„3„ H.r.l 15.25 15.25 14.33 

J/,8, 7.16 7.14 7.18 7.16 

M.fi,r-M,» 7.35 8.11 8.07 7.17 



15.25 , 14.20 
7. 16 7. 18 

&09 7.02 



\Ai^.{M.fia—^fi,) 0.8663 0.0090 0.9069 0.8555 0.9079 0.8463 

Log.n* 0145 9.9718 9 9739 0.0253 9.9729 0.0345 

n 1.034 0.9:{7 0.942 1.060 0. MP , 1.083 

('., 1.265 1.311 1.394 1.375 1.298 1.318 

C, 1.453 1.543 1558 1.591 1.453 I 1.558 

\AiVL.C„ 0.1021 0.1176 0.1443 0.1383 0.1133 0.1190 

Ijoii.r, 0.1623 0. IK84 0.1926 0.2017 0.1623 0.1926 

Ia>;{. ('./— I^ig. (\ -0. 0602 0. 0708 -0. 0483 - 0. 0»«4 - 0. 0490 -0. 0727 

I-<ig.a .. -0.0622 -0.0663 -0.045.'» -0.0672 -0 0461 -0.0787 

TaUI^g.a 9.9378 9.9337 9.9545 9.9:{28 9.9530 9.0213 



0.is«65 0.8584 0.9005 0.8565 0.8903 0.8342 



7.6 
n — 



M,, fi,t ~ ^1 Pi 



PYRHELIOMETER. 



67 



Table 50. 



[Computation of E. Computer, A. B. S.J 



Dikta. 



August 11. 



Aujpist 12. 



Mean/>f 
luoming 

and 
evening. 



Lor. O ' 0.1383 

Log.lf^ 

^K-7:e 

Mfi 

7.6 

Lojf. a'* .. 

LoK-E 



1. 15i>2 
0.8808 

0.2754 
1.885 



Noon. 



0.2017 
0.8549 
0.^808 

0.9741 
0. 9421 



Mean of 
niuming 

and 
evening. 



0. 1075 
1. 1726 
0.8808 

0.2918 
1.958 



Xoon. 



0. 1623 
0.8549 
0. 8808- 

9. 9741 
0.9421 



AugUHt 13. 



August 14. 



-0. 1267 
0.2650 


-0.0632 
0.2649 


-0.1060 
0. 2135 


-0.0510 
0. 2133 


1.841 


1.841 


1 635 


1.631 



Mean of | 

""."""r Noon, 
evening, ; 

0. 1 176 
1. 1833 
0.8808 

0.3025 
2.007 

-0. 1331 
0.2507 

1.7«1 



Mean of 
morning 

and 
evening. 



Noon. 



0.1884 
0.8537 
0.8808 

9.9729 I 
0. 939.'i 



—0. 0623 
0.2507 

1.781 



0. 1323 i 
1. 1682 ' 
' 0.8808 


PPP 


1 0.2874 


9.9753 


' 1.938 j 

1 


0.9447 


I 1 

-0. 1203 
0.2526 1 


-0.0587 
0.2513 


: 1. 789 

1 1 


1.783 



Coinpariug the moriihig aud noon and evening and noon observations at Lone Pino, we have 

then the following table: 

Table 51. 



LONE PINE. 



Dat«s. 



Morning ' Evening , ^ 
and noon, and noon. I ■""""• 



August 11 
August 12. 
August 13. 
August 14. 



0.8665 
0.8584 
0. 9005 



0.8567 
0.8993 



0.8342 



1.841 i 
1.634 i 
1.781 ' 
L783 I 



The mean transmissibility at Lone Pine is then here fonnd by Pouillet's method to be about 
h7 per cent. That determined by him near the seal-level was about 80 per cent. The limited time 
at onr disposal for observation renders conclusions from our present series less trustworthy than 
from his fuller ones. It seems clear, however, that at an altitude of almost 1,000 meters, wiiere our 
observations were taken, the air, tcetght for icelght^ in much more transparent to the heat rays 
(diathermanons) than at the sea-level. 

Even with this instrument, then, we see that the quality of the absorbing medium as well as its 

density changes as we ascend. The mean value of the solar constant from noon observations 

(calories L760) is remarkably near Pouillet's (1.764). The only signiHcance of this appears to be 

that like methods bring about like results. The results themselves are, as we believe, in both 

cases widely wrong. 

Table r)2. 

Reduction of Mountain Camp observationti {pyrheliomeier). 

[Computation of a.] 



Date. 



Morning and noon (omitted). 



Evening and noon. 



I I ' ' I I 

August 19. AugUHt 30. August 31. September I. Angimt 29. August 30. j August 31. 8«ptember 1. 



M,^„ 

MS, 

M„p„ — Mfi, 

n 

Ou 

c, 

Log C„ 

Logo, 

Log. C„— Log. O, 

Log. a 

Tab. log. a 



13. 93 
b. 6U 
8.33 
0.91 



1. 
1. 
0. 
0. 



684 

900 

2.'63 

2989 

- 0. 0726 

-0 (HH51 

9.9339 

0.8588 



15.21 
5.67 
9.54 
0.80 
1.547 
1.684 
0.1895 
0. 2263 
-0, 0368 
-0 (IJ94 
9.9706 

0.0345 



14.65 
5. C6 
8.99 
0.85 
1.468 
l.KOO 
0.1667 
0. 2.')63 
-0.0886 
-U.0753 
9. 9247 

0.8409 



14.77 
5.67 
9.10 
0.83 
1.519 
1.838 
0. 1816 
0.2643 
-0 0827 
-U. 06H6 
9 9314 



0.8539 
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Table 53. 

[CompnUttonof£.| 



J! 

*T.B 

I Lof.> ... 

Jj>g.B... 



A.^ 


,i». 


AuiD 


t30. 


iaga 


t3l. 


Septeidb«T 1. 


iilng. 


n™. 


Kv,DlD«. 


n™.,.. 


EvBDlpg. 


n™. 


Ev«l«g. No™. 


" 


s.eo 


is.ai 


S.tT 


u.as ; 


t.« 


H.T7 5.W 


«» 


0.73T 


2.010 1 


0.746 


i.no ' 


0.7IS 


1. >ii) 0. ;m 


OMI 


-(i.08ei 


-oioZM 


0.2^.113 
-0.OW4 


o.iB«:' 


0.2SM 


0.1H« 0.W43 

-olMim : -anew 


§ 


~U:34W 


"II:?Se 


~i).zm 


~t. mijo ■ 


~o.aii« 
;lo40 


"oia'u; ■ u.JISS 
zw loo« 



Tablk 54. 
We now give a siiiiilar table for Hie obseivHtioiis nt ilie M<>iiiit»iii Caui)i. 






We have n-Diarked before tbat owing to the higli cbSs on the ea»t which concealed the sun 
til) itH ultitmle wiia higli, inoniiiig obsi'ivations tbeiv, are in genrml, lf»8 ti-uRtwnrtliy than the 
evening onen, and thi» is Hpeeially seen in the present anomalous values of a from the morning 
wries. Hie niKtn and evening ones give a = .872 or very near that found at Lone Pine. Omit- 
ting the morning values, we have the mean Solar Constant 2.039, a greater value than that at 
Lone Pine. 

In accordance with the reKults of previous observers, then, and of our own with other instru- 
ineut», tee Jind a larger valve of the Solar Conalan' an trededuee it from obsfrraiiona through a tmallcr 
air matt. 

Onr observations on the mountain anil at Lone I'ine not being synchronous, we can liest com- 
p;iro summaries of the results at the higher station with those at the lower. 

Table 5.5. 
Sxmmarg 0/ pgrhelionietir retulu. 









AT I.ONE PIME. 








Italr. 


A.M. 


M. 


P.M. 


mie. 


Oi,™ 
A.M. 


nrctrd uloriw. 
M. KM. 






iw 


liijS 
U.M 


A tn 


I Mil 


'.za 

i.aw 








Aii»ni-ti2 

Annn-ris 


W* 




SBSl!::-.--.; 


lis 







-■~^^ 




— Tw^ 


— — — 




Cornicl«l»l<ir 


™..=nr 


"lmT' 






AT UOI'NTAIN CAMl'. 








iSESS 2 ::::■■ 


its 


S.«! 


11. M 


Aiiamtw 


um 


i.TM 


1.3-Jt 




















MmnMH.... 


... 9^ 


U«n> 




~7^ 
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Applying Pouillet's formula to these results, we have, comparing like hours of observation on 
the mountain and at Lone Pine: 

cal. 

Mountain Camp, morning: c=1.529 K.^^,,^^ ^^^23; i;=1.924. 

Lone Pine, morning: c=1.31I y 

Monntain Camp, noon : c= 1.828 > ^.j,^,,^^ ^^^^. j^^ ^ 993 

Lone Pme, noon: c= 1.535 ) 

Mountain Camp, evening: o=l-554 » .j.^^^^ ^^j ^39^^,,, j,^^^ 

Lone Pine, evening: c=1.331 ) 

These results seem to us most instructive in regard to the defects of Pouillet's formula for our 
present purpose. Its use here iiMlepeiuleutly of its other errors tacitly assumes that a given air- 
mass always exercises the same absorption whatever the constituents of the air may be. The 
results of this erroneous assumption do not appear notable when we compare high and low sun 
observations at the same station, as Pouillet himself did, for the error affects each in turn; but 
when we compare an air mass taken on the mountain with an equal air-mass taken in the valley, 
the consequences of the error may become salient. Tims, in the evening observations we have 
the air masses at Lone Pine and at Mountain Camp almost identical, they being in the one case 
such as would su])port dm. 14.59 of mercury, and in the other 14.64. We should then Jiave the 
absorptions also almost identical if the assumption were correct, but nothing of the kind happens, 
and we get, in fact, the monstrous results given in the last instance. It does not seem necessary 
"to give here further illustration of the untrustworthiness of the formula in other w^ays (see discus- 
sion in article on spectro-bolometer) to determine us to depend as little as possible on results 
obtained with this instrument and in this manner. We are forced to conclude that the instrument 
gives the n suits, even of direct observation, much too small, and, as \ie demonstrate later, the 
formula itself will infallibly deduce too small values for the Solar Constant even from correct 
observations. We will pass on, then, to the consideration of more trustworthy instruments and 
methods. 



CHAPTER V. 



USE OF GLOBE ACTIISOMETER. 

When it became necessary to determine on the use of some form of actinometer in conjunction 
with the spectro-bolometer, the instruments of M. Violle, M. Crova, and the conjugate bulbs of M. 
Marie Davy were selected. I take this opportunity of acknowledging the kindness of all these 
gentlemen, who were good enough to undertake to see that I had suitable copies made of their 
rt^spective instruments; but that of M. Marie Davy wjis broken in transit, and that of M. 
Crova, most unfortunately, did not .arrive in time for the expedition. Only that of M. Violle 




BmcLll Aotinuinic jr.— Eiterior. 

c^me l)efore the ex])edition started. I therefore ordered the construction of two small globe 
actinometers in Pittsburg. 

The use of the globe actinometer presupposes the knowledge of the fact that the sun's temi)era- 
ture, whatever it nuiy be, is at any rate so far higher than that of the inclosed shell of water or ice 
to which the sun thermometer nidiates, that the excess of the latter under solar radiation is sensibly 
t!ie same under all conditions of actual observation. According to Mr. Ericsson's most careful 
delerminations, the excess of such a thermonietej* is the siime whether it l>e radiating to an inclosed 

70 
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sbell of melting ice or to one of red-hot iron; and tliough all are not ajrreed that the excess is so 
absolutely inde])endent of the surroundings, there is no doubt tliat the temperature of excess may 
be here treated as independent of tlie temperature of the water used in our actual experiment. 

I had experimented in all the time at my command with the large globe actinometer of M. 
VioUe, on the outsi<le of which I had a gnomon ])laced so that it might be accurately <lirect4Ml to 
the sun without preliminary exposure, and after the expedition started had the two smaller actinom- 
eters mounted alrazimuthly (an equatorial mounting would be ]>rol)ably better) in an improvised 
wooden support, which proved more manageable than the ring. The large actinometer of M. Violle 
may be found described in the Annales de Chimie et de Physique for 1870, vol. 10, pages 15 an I 1(5, 
and in numerous other places, so that it is not necessary to re<lescribe it here. The two smaller 
actinometers which I employed with it are represented in Figs. 5 and 6, where D is the diaphragm 




SnaaU Ac blnomet9>-.— Interior. 

plate admitting the solar rays; S' the inlet for the water between the globes; S the exit; T' the 
thermometer which registers the water temperatiire; T the thermometer which registers the excess 
caused by the sun over the surroundings; C a counterpoise; G a very slightly-ground glass plate 
which prevents the entrance of air currents from below and receives the shadow cast by the bulb 
of the central thermometer; A is the temporary mounting arranged on the expedition. With 
either one of these two forms of the globe actinometer we have no glass or absorbing material as a 
oover,and consequently do not attempt to observe in vacuo but, by a means to be directly explained, 
obtain in theory the same results as though we <lid so. We may use them in various ways. 
According to M . Violle's method the instrument is exposed to the sun's radiation for a certain time, 
usually fifteen or twenty minutes. The internal thermometer T rises at first rapidly, then more 
slowly, till it sensibly attains its temperature of equilibrium, where it is radiating as much to the 
surrounding globe as it is receiving from the sun. As the thermometer rises, the temperature is 
to be read from minute to minute until it becomes stationary, then the solar radiation is cut off 
and the thermometer allowed to cool during a like time till it has sensibly regained the tempera- 
ture of the globe around it. When the excess of temperature of the sun theimometer over that 
of its inclosure is extremely sniall, the loss of heat is sensibly i)rop()rtional to the temperature, so 
thatat the first instant of its heating (when the temperature of excess is 0) there is (in theory)' all 
gain and no loss, whether from radiation or convection, and if this initial rate of heating could 
be determined we should have the same result whether our thermometer was in air or in vacuo. 
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Tlie excesH wliidi the tlicrinoinetcr iiuiy finally iviicli is, in this jmint of view, innnaterial, for 
when we know the area our theiinonieter bulb exposes to the sun (call this S) and the specific 
lieat or water equivalent of its bulb (M), we need only the initial rate (V) to determine the solar 

radiation in calories per niinnte, for this = ^ . This initial rate, however, is evanescent, and 

cannot be directly observed, but it may be determined within very narrow limits by actual ob- 
servation of the rate durinjir the first quarter or half minute, <lnring which the mean rate can be 
but very little inferior to the initial one, and by also experimentally determining another value, 
which must necessarily be a very little in excess of it (which is easily done), and between these 
closely contij^uous values the true one must lie. These methods are those of direct experiment. 
The following ingenious method, due to M. Violle, may be rather said to be that of a mathematician. 

If we represent the rise of the thermometer grai)hically, and if we admit the supiiosition that, 
under the varied circumstances which aft'ect it, its lise is represented rigorously by some simple curve 
(e.g., a logarithmic curve), it is evident that, by watching the thermometer long enough, we could 
obtain the equation of this curve, and then by differentiating this equation obtain the initial rate. 

It would seem, however, that any law which unites every part of a known curve to every other 
in a simple and rigorous geometrical relation, is one which nature rarely exactly follows. The 
reading of the thermometer, for instance, at the end of the fifth or tenth minute depends upon the 
clRids that have i)assed, or the breeze that has blown, since it began to rise; and, so long as it is 
true that eveu under the most favorable conditions the reading is affected from moment to moment 
by numberless minute and casual circumstances, it is evident that this reading can be exactly con- 
nected with the initial rate by no known law. M. Violle's formuhe, however, virtually assume that 
the curve representing this is actually such a logaritlnnic one, or, at any rate, a curve till whose 
points are interdependent and connected by some simple law. He calculates the initial rates on 
this assumption, an<l in doing so ap[>ears to us to retison correctly and elegantly as a mathemati- 
cian, but on pren)ises which the physicnst may jjerhaps be i)ermitted to question. 

Careful experiment at Allegheny, which the reader will find later in detail, has shown that 
the initial rate determined by this process is always somewhat too small. We take (out of nearly 
a hundred examples we niight cite) the observations with the small actinometer under the most 
favorable conditions from 11*' 30'" to 12'' on August 25, 1881, the observations themselves being given 
in table 58. We draw, in our own investigations, ui)on as large a scale as practicable (e. g., 1 in = 
lo or 1 minute), the curve representing the actual observations. In the heating curve the abscissjc 
may be j»roportional to times and the ordinates to the observed temperatures of excess, and we have 
then a curve bearing most resemblance to the logarithmic one. Taking in this curve of observation 
three suitable points with equi<listant abscissa* (those corresponding, for instance, to the excesses of 
the thermonieter at the beginning, middle, and end of the time), we next ])ass a logarithmic curve 
through these i)oints, and determine its axis of X. If the course of observation is imleed rejjre- 
sented by a logarithmic curve, the subtangents of the actual curve of observation on this axis of 
X will be sensibly constant. As a nuitter of fact they fiystematicnUy (IvvwAsa toward the initial 
point, 80 that the actual rate of rise is greater than the rate derived from the formula. 

All the observers were exercised at every opjiort unity, for some weeks before the actual records 
began, in ac(piiring expertness in the use of the instrument and accuracy in the reading of the ther- 
mometers. No less than 180 minute readings, each taken on a thermometer, reading direct to 0.1° 
C. and by estimation to O.OP C, were made daily on each instrument iiulei)endently of the rea<lings 
of the water thermometer. The results of this direct observation, whether made by the instru- 
ment and thermometers used by M. Violle or the instruments niade here, with thermometers by 
other nuikers, in the clearest days ami in one of the driest climat«'S in the world, were never 
as large as M. Violle has found, though, from the favorable conditions, we should expect that 
they would have been larger. 1 cannot undertake to, at present, exi)laiu this. I have, however, 
found what appears to l>e a possible* clause of the discrepaiu-y. On the return from the expedition 
our own thermometers gave a less water ecpiivalent in ])roportion to their size than M. Violle finds 
for his, and this UmI me to search critically in his writings for some statement as to the size of his 
bulbs and the mass of mercury and glass in them. He says in a footnote: " Jf, the water equiv- 
alent, was carefully determined. It was measured indirectly by experiments on cooling, and di- 
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rectly by a thermoineter in every way resembling that which had been used, broken at the stem. 

In both eases M was found equal to 0.222 grannues,'' and he found ^ --0.305. 
We give M. Violle's own remarks: 

^*S<>ity 2i un iii8taiit(1oni)6, Klu vitcs8o (rdchniiffeiiicnt dii tliennoiiK>tro pour IVxcc'h nctiiel 6, U la vite^se de refroi- 
diMseiutfot que Von obscrverait ji ce mSiiiC excen & fei Ton intcrccptait Inaction <le la source; la soinme V-\-V repr^scntc 
efTectiveuieiit la Vitesse (r^chautteiuoiit du tliunuoniMn. (;orri;;<^e du rofroidisseuient qui convspond ti la m^tne tem- 
perature: elle expriuie douc Taction couhtauie du Soldi d<^ga;;oc dcH cifctn du rcfroidiHftenifut. Par coiib^quent, si 
apr^s avoir observe [HMidaut quelqiies uiiuuteM IVelinnftVuKMit du tliiMiuouu'trc fxpo.so i\ la radiaiiou solaire on inter- 
copto cette radiation, «*t qu\m observe alors le r»*froidisseunMit, i>u trouvera quo, en oftVt, h chaquo valcur de 6 repond 
line niAme valenr cou.stante de T-f- ^'y quoique sopnoment f'et rcbauj^eut avoc W. En niultipliant cctte somine 
constante ]mr la vuleur en eau .)/ de la portion du tlicrniouH^tre cjui HVcliaiiflc et en la divinanr ))nr la M'ction do cette 
bonle, on aura lai quantite do cliuleur Ktdaire qui tonibe m uno niinuti* axiv 1 ceniinirtrc carre do Hurfuce nornuile aux 
rayons, c'est-^ dire la weaiire ab»o!n^ «!e la quant it^ d«' cbalenr reyue par notre i^lobe an point et h rinstant couhideres. 

Voiei, par exenqde, les ol servations faitfs dauM la niatinoe du ItiaoAt 1^75 an son met du Mont-Hlanc (les temps ( 
Ront comptes h partir de Touverture on de la fenneture de tube d^adtnishion): 

Et'haufTe- RefroidisHO-. 
j Temps. nieiits. luentA. i 0-\-0'. 

t. e. ' 0' 



1 





- - - 


1 
1 


1 

1 m. 


o 


o 


1 o 


1 ^ ' 


0.0 


18.0 


lao 


t 5 ' 


14. 


3.0 


17.9 


10 


17.6 


0.6 


18.2 


15 1 


17. 9 


0.1 


18.0 


20 : 


18.0 


0.0 


18.0 



La Homme -\-d^ est eon«tante et ^gale hf^oi recbauffement et le refroidis-senient m* sont fails avec la nifiuie viteshe. 
Lies temperahirt'S dVcbauffemont sont donn^i'S ]>ar la formnle 

e =:Ho (1 — e-«0=l5 ( 1>_ 6'-"-*5 ' ) 

et les temperatures de refroidia««ement ]>sr la formnle 

Les vit4)SMes d'eelianircment et de refroidisKoinent sont done respect ivement 

et 

d*oii il suit qiu», p »ur une nuVne t<Miip«^rature = 0\ on aura 

J'-f 6'=»,0„ = (;^.r>W 

llu avantoge piecieux de la metbode est IVniploi de toutes les donnocH an caleul de la quantity cberebee: il y a lii un 
eontiAle Huoureux dont rimportanre ne saurait ecbH]q>er. 

La stimnie F -j- f7repie»ente Vaetion du S<deil ; ninliipliei- pai la valrnr»*n i-nn ^Udela portion du tbermometre qui 
MVc1ianfte(l)et divis^e par la surface d'un grand cercle, elle, rouNti'utMa IVxprefhion numerique de la <iuantite aWtluo 
de cbaleur / rt*yne ii 10»> 22"^ du matin, le Hi aofit lH7r>, au Kouiniet du iVbmt-Hlanc, /= 2".*.iihi Tunite de cbaleur etant 
la quantite de cbaleur necessaire pour eievor de 1 dejjre la t^»ni]>erature de 1 gramme d'eau. 

(l)3/avnit ete soignensement detorminee; on I'avait mcKuiet* indireetenuMit parties experiences de n'froidisse- 
meiit, et direetement sur un tbermometre tout senddable iicelui ()ui avait nervi, rcun]>u h la nai.HHHnc(* de la Hge; or on 

M 



♦> •.- •» 



a troupe dans les deux cas M = (}' .222 et Von avait . =0.3>5. 



The above, given as a footnote (1), contains nil tho infonnntion he aftbrds us nbout the deter- 
mination of the fundnmental value on which his solar constant rests. S (the area of a great cin-le 

222 
of his thermometer bulb) we see -- .»..- 0.008, whence we tind the diameter of his bulb 



y> -2-/^'^^^ -0.S8 



cm 
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the volume of such a sphere being 



(«-8«)^x '^==0.357 0. cm 



If the bull) was spheroidal ratlier th lu splierical tlie ivsult is sensibly the same, and we see on 
what a very minute quantity (about one-thinl of a cubic centimeter) the final <leterinination rei>oses, 
and ho V easily a relatively large error might be made in the determination of so smill a quantity. 

0.357 cubic centimeter, then, is the volume of M. Violle's bulb, and the water equivalent of such 
a sphere, were it composed entirely of mercury nt a specific gravity of l.S.O nnd specific heat of 
.0333, iisdetermine«l by Regnault, would be but .102 instead of ,222, The glass in these thermome- 
ter bulbs is of the thinnest descrijilion, but were the thernumieter bulbof solid glass with a specific 
gr.ivity of 3 and of a higher specific heat than any which we can find assigned to glass by Dulong 
and Petit or by Ke^nanlt, the water etpiixalent would still be less than the .222 assigned to it by 
M. VioUe, which ai)|)arently can be represente<l by no combinaticm of glass and mercury. It would 
a])pear, since M. Violle's value of the s(»lar constant (2.54) is pro])(>rtioiuiI to this seemingly 
inadmissible water equivalent, that it is to be desired that we shoidd l.ave an explanation of these 
apparent discrepancies. 

Had it been known when we commenced our observations that the initial rate was smaller 
than that given by M. Violh-'s formula, we should have saved ourselves great labor and attained 
greater accuracy b,> dirrct obsei vaticnis of this initial rate. As we ac quiie<l this knowledge only by 
experience, when it was too late to alter, the method of observation already commenced, we con- 
tinued taking minute readings on all three actin<uneters, and have subsequently a[q)lied corrections 
to them by means of ciireful determinations given hereatter. The three actinometers are thus dis- 
criminated. The large actinometer with 30.5 cm. globe is called No. 1. It is supplied with two 
thermometers by liandin of Paris, divided to fifths of degrees, and read by estinmtion to fiftieths. 
The other ihermonu'ters are divided to tenths of degrees and read by estimation to huiulredths. 
'*Baudin 8730," the wattr thermon.eter, has a bulb 0.001 cm. in diameter. The bulb of "Daudin 
8737," the sun thermometer, is 0.0G3 cm. in diameter. The water equivalent of this thermometer 
will be guen later. 

Actinometer No. 2, having a glob/ 15 cm. in diameter, is mounted so as to have an altazimuth 
motion, and is sui>plied with a water thermometer by (irunow, the diameter of whose bulb s 830 cm. 
and with a sun thermometer by Green, No. 4571, having a bulb diameter of 1.247 cm. 

The third actinometer is of the same size and nniuuting as No. 2. In it have been used a water 
thermometer by Grunow, similar to that f(H' No. 2, and a sun thermometer by Green, No 4572, whose 
bulb had a diameter of 1.207 cm. In all our observations the water has beeu constantly agitated. 
We at first did this by forcing the water in at one tube and out at the other, so as to keei> ^P **^ 
uniform flow and temperature, but substituted for this another method of agitating the water in 
the actinometer itself. 

In the following tables we have use<l the same symbols as M. Violle, for the reader's con- 
venience. Thus, ^^0 indicates the final* temperature of the sun thermometer in excess of its sur 
roundiugs, vi is a constant corresi)onding to the reciprocal of the subtangentof M. V^ioUe's assumed 
logarithmic curve; accordingly m 0^ is the initial rate of wanning of the jiarticular thermometer in 
question when the sun's rays tail upon it. If we suppo^e this rate to be exact and to continue 
unchanged for a minute, we evidently have the ettect of the solar radiation for one minute, on the 
supposition thatall the heat h is beea retained by our instruaient; and none of it dissipated through 
radiation, through air cunents, or in any other way. To this latter part of the assumiKion we nniy 
safely agree. From this rate per minute, the area of the exposed suiface in centinuters and the 
water equivalent of the heated bulb in gianimes, we can evidently obtain the solar radiation in 
calories, referred to the gramme, centimeter and minute. We give in tables 50 and 57 an example 
of an ordinary observation in <letail. 

*/. e.j tl.o fiiiiil f fiiipfnitiiic coiri'KpoiiiIing to roiiiph'tc ofiiiililiiuiii (»f tlio lirnf rrcrivod from tlio huh with lliut 
railiated from tlic Imlb. 



USE OF GLOBE ACTINOMEMER. 



75 



Table 50. 

|Datc, An^iist25. 1881. Station, Mountain Cflnip, Mount Whitney, California. Actii.ometor No. 3; auertui-t^, nieiliuni. Sun themionieler, 
"Gievn 4572." Water thei niomcter, "Grunow 1."' Olmoivor, J. J. N. Local tine u»ed. t onditiun of aky, clear. Wind, Iij;lit. J 



Tliermomctera. 



A. 

11 
11 
II 
11 
11 
II 
11 
11 
11 
II 
U 
11 
11 
11 
11 
11 
II 
11 
11 
11 
11 
11 
11 
11 
11 
It 
11 
11 
11 
11 
12 



Time. 



m. 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 



a. ni 

a. ni. 

a. m. 

a.ni. 

a. m. 

a. ni. 

a. ni ■ 

a. ni.. 

a. m. 

a.m. 

a.ni. 

n. ni. 

a. m. 

a.ni . 

a.iu.. 

a. ni. . 

a. m. 

a. ni. 
48 a. ni 
40 a. ni . 

a. ni. 

a.ni. 

a.ni. 

a.ni. . 

54 a. ni 

55 a. m 

a. ni 

a.ni. 

a. ni 

a. ni , 

noon 



Water. 



20.10 



20.14 



Sun. 



20. 15 



20.02 



20. to 



50 
51 
52 
53 



56 
57 
58 
59 
00 



20.18 



20. 16 



20. r6 



AdjUHtmeut. 



Kcniarks. 



20. l.'> 


Sliade 




2.1.93 


Sun 


1 

1 


26.00 


do 


1 


29. 34 


do 


1 


31. 10 


. — do 


1 A;>itatml water. 


32 5U 


.. do 


1 


33 53 


do 


i 


34. 32 


.. do 


1 


34.91 


... do 




H5. 35 


. do 


Do. 


35. 72 


— do 




35. 97 


...do 




36. 13 


. do 




30. 27 


do 


Do. 


36. 43 


..do 




36. 50 


...do 




33. 22 


Sha<lo 




30. 3ti 


... do . . 


' Do. 


28. 24 


. . do 




20.63 


..do 




2.5. 38 


...do 




21.36 


<lo 


Do. 


23.54 


.. do 




22. 95 


. .. .do 




22.42 


do 




22.00 


do 


Do. 


21.08 


. . do 




21.33 


.. do 


Fresh wind, variable. 


21. 12 


.. do 




20.96 


do 


A>;itnte<l water. 


20.78 


do 


t 


Table 57. 





iDute. Au};imt 25. 1881. S:ati-in. Moiint.iin Camp, Mount Whitiioy. Ciiliforuia. Ai-tinonii'ter N'o. 3; nperture. medium. Kun thonnonieter, 
"tin eu 4572." Wiitrr therinoMieter, "Gruuow I." Observoi-, J. J. X. Local time used. Condition of sky, clear. Wind. li;(lit.] 



Time. 



h. 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 



Thermometers. 
Waaler. Sun. 



m. 
00 
01 
02 
03 
04 
o:. 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2.1 
26 
27 
28 
29 
30 



noon 20. 06 20. 78 

p m . . . 24. 1 1 

p m 27.07 

p. m 29. 38 

p. m . ' 2(K 10 31. 10 

p m 3'. 49 

p. m 3:'. 45 

p. in 34.24 

p. m ... 20.08 34.85 

p. m 35. 30 

p. ra j 3.5.f* 

p. m I I 3.x 92 

p. ni 36. 08 

p. m 20.00 36.27 

J), m 36. 38 

p. m 36.49 

p.ni 3,3.32 

p. ni ' 30. 50 

p. m .... 20.06 28.37 

p. m 26. 70 

p. m 25. 43 

p. m 24.36 

p.m. 23.55 

p. ni .... 20.03 22.87 

!#• Ill ••••• ......•• 4*M« «l«f 

p. m 21. 93 

p.ni 21.00 

p. m 20. 07 21. 32 

p ni 21.08 

p.ni 20.90 

p. m .... 20.00 20.75 



Ad.iuatment. 



Shade 

Sun .. 

do 

. . . do 
do 

. do 
...do 
. . . .do 

. do 

.. do 
. . . do 

do 

do 

. ...do 
. . . do 
do 

Sba4le 
. . . do 
. . . do 

do 

do 

do 

. . . do 

.. do 
. . . .do 
do 

.. do 



Ueniarks. 



AgitatiHl water. 



Litrht wind. 
A}(itat4Hl wat(*r. 



Do. 



Do. 



Do. 



Fiehh win<l, variable. 

. do A)!itHte<l w.iter. 

..do 

. do 

..do Fresh wind, variable. 



After correcting the very niiiiiite accidental irregularities of the icater theniiometer above 
given by a nniooth curve, we obtain the following table, where the temperatures of excess of the 
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sun tliermoiiieter are tliose directly representing tlie difference between tlic latter and the temper- 
ature of tbe inclosed water-sliell, to whose lamp-blacked copper surface the solar thermometer 

radiates. 

Tablk 58. 



Tirr 

AutEui 

188 

A.l 

A. 
11 
11 


10 : 
It 25, 
1. 

in. 

30 

31 

32 

33 

34 

85 

36 

37 

38 

39 

40 

41 

42 

41 

44 

45 

46 
47 
48 
49 
.50 
51 
52 
53 
.54 
55 
56 
67 
58 
59 
00 


Adopted 
water 

therraoni- 
eter. 

o 
20.10 


Excosii of 

Aiin 
tlienuom- 

eter. 

■j 

0. 05 
3.8;4 
6.80 
9.24 

11.00 
12.40 

13. 43 

14. 22 
14.82 

15. 26 
15. 63 
15.88 
16.04 
16.18 
16.34 
16.42 

13.14 
10. 28 
8.16 
6. 55 
5. .30 
4. 38 
3.46 , 
2.88 
2.35 , 

1. 93 
1.61 , 
1.26 
1.0.> 
0.89 ' 
0. 72 


Time: 

Au}j;iiRt 25, 

1881. 

P. M. 

h. 971. 

12 00 
12 01 
12 02 
12 03 
12 04 
12 05 
12 06 
12 07 
12 08 
12 09 
12 10 
12 11 
12 12 
12 13 

11 14 

12 15 

12 16 
12 17 
12 18 
12 19 
12 20 
12 21 
12 22 
12 23 
12 24 
12 25 
12 20 
12 27 
12 28 
12 29 
12 30 


Adopted 
water 

therraoni- 
©tor. 

o 
20.06 


ExceHS of 
snn 

thermom- 
eter. 

o 

0.72 

4.05 

7.01 

9.32 

11.04 

12. 43 

13.39 

14.18 

14.80 

15. 25 


11 






11 







H 




11 






11 




11 






11 
11 


20.09 


20.05 


11 




15.63 


11 






15. 87 


11 






16.03 


11 






16.22 


u 




16.33 


11 
11 


20.08 


20.04 


16.45 
13.28 


11 




10.46 


11 






a33 


11 




6.66 


11 






5.30 


11 




20.03 


4.32 


11 




3.51 


11 
11 


20.07 


2.84 
2.30 


11 




1.90 


11 






1.57 


11 






1.29 


11 






1.05 


11 






0.87 


12 


20.06 


20.02 


0.73 



M. Violle's formula may be written, mt log e = log /^o — log o^j where Oo is the sum of the 
corresponding ordinates in the heating and cooling curves (which he assumes to be itlenticai curves, 
though referred to different axes) ; ^n, then, should be a constant and i)roi)ortioiial to the final exce-ss. 
We do not lind it to be so in our own ])ractice; and as the best we can do, we always determine it 
from the mean of eight observations taken on f<Hircorres]>onding points of the heating and cooling 
curves; m is the reciprocal of the subtangenr, on the assumption that the curve is a logarithmic 
one, € is the Napierian base. It is our uniform experience that w, which should be on this assump- 
tion a constant, varies, and varies systematically, acconling as it is determined by the comparison 
of Oq with an ordinate which represents the ex<»ess near the commencement of exposure or later. 
We have scarcely met an exception in scores of examples, of which the following, cited at random, 
may he considered typical. We have Just given the original observations, with resuliugs taken, 
like all those on the expedition, fnmi minute to minute (though to give all the observations in such 
detail here wouhl be impossible in the space at command). 

We now ])roceed to give the reduction by M. Violle's met hod , applied successively to the fifth, 
the tenth, and the fifteenth minute of heating or cooling. 

Table 59. 

(Transcript from original red action -book. ) 

[Date, AujniAt 25, 1881. Actinonieter No. 3. Station, Mountain Camp. A pertaro, medium. State of aky, clear. San thermometer, " Green 

4572." Wind, li^ht. Wator thtnuomeler, ••(irunow 1." Barumet«r, 5'''".02. ObHerver, J. J. N.J. 



Time. 


Water 
themiomoter. 


Sun 
thermometer. 

1 o 


Difference. 

o 


Exposure. 


h. m. 




11 30 a.m. 


20.10 


20. 15 


0.05 


Shade. 


11 35 a.m. 


20.10 


32.50 


12.40 


Sun. 


11 40 a. m. 


20. 09 


35.72 


15.63 


Sun. 


11 45 a.m. 


20.08 


36.50 


16.42 


Sun. 


11 50 a.m. 


20.08 


25. 38 


5.30 


Shade. 


11 55 a. m. 


20.07 


22.00 


1.93 


Shade. 


12 00 m. 


20.06 


20.78 

1 


0.72 


Shade. 
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B 



$' 



a-f^ 





5 

10 

15 


0.05 16.42 
12. 40 ! 5. 30 
15. 63 1. 93 
16. 42 0. 72 

1 

d«=17.22 


16.47 
17.70 
17.56 
17.14 



vit lop <'=log ^0— lo;; 0' 



«=5 



lop do 



5 m= 



1.2360 
0. 7243 

0. 5117 

0.5117 



log e' 



lop 0.5117 h7090 
lop 0. 4343 1. 0378 



0. 0712 



5m=l. 179 
m= 0.236 



f=10 



10 m- 



1.2:t60 
0. 28r»6 

0.9504 

0.0504 



lop*- 



lop 0. 0504 1. 9779 
1. 6378 



0.3401 



10 m=2. 180 
«i =0.210 



«=15 



15i»= 



k2360 
1. 8573 

1.378r 

1.3787 



lop 1.3787 0.1395 
1.6378 



0.5017 



15 m -3. 175 
m =0.212 



Mean vnlue of in fruni 3 points of curve = 0. 222 



lop <»o= 1.2360 
lop fn = 1.3464 



lop (V-fU)=0. 5824 
lop^ =i:6025 



lop (V+U)- 0.5824 
V+U = mfti=3.82 



lop of caloriofi =0. 1849 
calorieH =1.531 



What we see of m in this particular example we see in every otlier, tliat under the circum- 
((tauccs of actual observation it is not a constant either in the heating? or the coolinp: curve, and that 
apart from little irregularities of observation, it is largest when taken near the first moment of heat- 
ing or of cooling. The mean of the three vnUies just given is m = .222; hence the initial rate derived 
in this particular instance for m ^o = .222x 17.22 = 3.82, a value which must be too small. We 
have, from the fact that the observations were originally taken by M. Violle's method, been led to 
reduce them by his formula, and to afterward introduce a correction. Wholly independent obser- 
vations taken by such means as to show by direct experiment the initial rate within very narrow 
limits, give a confirmatory result, and these will be found more particularly mentioned under the 
head uf " Correction A." 

When the globe is entirely closed to extraneous radiations from the sun or any other source, 
and the thermometer is heated only by radiation from the walls of its inclosure, m is much more 
nearly constant, as we see by the experiments detailed in the Appendix. 



CHAPTER VI. 



DETRUMINATIOX OK WATKR ECiUlVAI.ENTS OF THERMOMETER BULBS. 

Since all nieasuriMnents of solar radiation by the **:lol)e actinoineters (le|)end upon the thermic 
capacity or water equivalent of the bulb of the thermometer employed (a constant on which the 
value of the solar constant imuuMliately dej^ends), it becomes necessary to determine this with all 
l)OSsible precision. The liability to relatively lar^e error in the determination of such minute 
quantities is jcreat, and this liability must be admitted to be a serious objection to an otherwise 
excellent instrument. If the determination is made by ordinary calorimctrical processes (which 
are usually ill adapted to this spi»ci.il case), Wc»- ou^ht to check them by sotne wholly indepeuilent 
means. 

Two such methods have been devised by the writer for findiuf^ the separate water equivalents 
of the nuMcury and *;lass in the thernu)meter bulb without destroying the inslnunent. 

In each of these two methods the weights of mercury and of ^lass iiu the thernuuneter bulb 
arc indirectly determined by balancing; the entire thermometer upcui a fulcrum ai>plied at selected 
points on the stem. We have used these results only as a check on the adopted value, which is 
that derived from the third method, where the joint specific heat of mercury and ^^lass in the bnlb 
has been directly measured in a small c.ilorinu'ter. In view t.f the great importance of this con- 
stant, we give a description of the application of each of these methoils in detail. 

FIRST METHOD. 

Determination of the icater equiralcnt of the bulb of thermometer (^^ Bandin 8737") by measuring t7» 

dimenifiouH and baluicing it on a fulcrum in air. 

The external dimensions of the stem are first measured, and by these and its calibrition* the 
center of gravitv of the stem alont^ is determined. If this pCTut be now made the fulcrum, it is 
.obvious that the glass stem in no way affects the balancing of the bulb and the mercury in the 
stem, which may be (huie by a known weight at a known distance. 
Then let the following data be obtained: 

« = total weight of thermometer. 

6=external volume of thermometer. 

</=external volume of bulb. 

?ii=8pecitic gravity of mercury. 

A*=distance from center of bulb to fulcrum. 

/=distauce from center of mercury in stem to fulcrum. 

w=product of known balancing weight by its distance from fulcrum. 

j«=total weight of mercury. 

ewr= volume of nu»rcury in stem (determined from coeflicient of expansion of mercury). 

f;j'= volume of empty part of stem (determined from coeflicient of expansion of mercury). 

cwx= weight of mercury in stem. 

•ItM calibration, with sntticieiit acnirary for this purpoH**, preniippows a preliminary ajiproxiiiiate knowledge 
(only) of the quantity of nit-rcury, a** the whole internal eapaeity of the Mteni is exceHsively MUjall. We can indeed mo 
form our equatiouH an to diHi>enH<' even with this approximate knowledge. 

7*^ 
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For brevity !♦' 

-' m m ^ 

The volume of all the mercury bein^' , the volume of mercury in tlie bu1b= — c!.r=:/r, the 
weight of mercury in the bull)=(l— wic)r, the volume of j^lass iu the bulb=^— /r, the total volume 

X 

of g'lass in the whole tlKTmometer=ft— ^t1x=b^hx. 

Then, since the total wei^rht of all the glass =:a—j*, the weight of <jliiss in the bulb=^ , __i' 

(if the 8|>ecific gravity of the ghiss iu the bulb be assumed to be the same as that in the steui), and tiie 

momentof the wliol ebulb isA'l ^^~ / ;*^~-^*'^'-|-(l — ??jr)jc >; also the moment of the mercnrv in the 

( b—hx ) 

8tem=/^*wj?, and the sum of these two values=/e; whence, by solviug th«Mjuiwlratic for j*, the weight 
of all the mercury is determined; ;ind hence, assumiug a value for the specific gravity of the glass 
in the bulb, tlie separate weights of mercury and glass iu the bulb may be obtained. The specific 
heat of luercnry is already known with great accura«*y, and that of the glass va\\\ be either taken 
from tables or determiued with close approximation froui the instrument itself. The product of 
the weight of the mercury by its specific luat, jdus the product of the weight of the glass by it^ 
specific heat, uiust be very nearly equal to tlie eftective water equivalent of the bulb. It would be 
exactly equal to this were it not for a certaiu auiount of heat transferred to or from the bulb by 
conduction along the stem, which cannot be easily deteruiined. It is small, but not negligible, 
and without it our results must be below the truth. It is here at fii*st neglected. A numerical 
exam|de, showing the results actually obtained, is now given. (The measures were taken with a 
vernier calliper.) 

DhneiiHionH of ihermomeier *' Baitdin 8747." 

Mean diainotor of Bplierical bulb O*"*". 903 

Stem graduated in \^ ('. from — '20'^ to -|-74^^ C. ; 0- is i:^0 cm. from junction of stem 
and bnlb. 

Length of cylindrical jmrt of stem 29*='". 591 

Average diameter of cylindrical jiart of stem (K'". 4r)0 

Length of F (K'».!!«« 

Volume of 1^ of bore 0*^'. 00005 

Volume of 1"^ of Mtem '. C<=^ 0:U>9 

Volume of tiipering portion of stem at bnll> end O*"*". 0(»*29 

Volume «»f tapering portion of Kteni at rinij end O*^*". 0*.U4 

Volume of ring 0«^<". 0248 

SiM»cific gravity of the gluHS (approximate) 2.83 

The geometrical center of tigure of the stem (exclusive of bulb) was found by calculation from 
these measurements to fall at +l(|o.i on the stem. The thermometer was accordingly balance<l 
on a fulcrum at this point by a weight whose moment n (equal to that of the mercury and bulb) 
was found to be SU.454 gramme centimeters. The valiuvs of all the symbols employeil iu the com 
])Utation are as follows: 

iu^-. , ^o-- •">•>•<> .... . 134.0 — 50.0 

/= , „ g - c = .0727;«) (j = {)AHll /i=j.jj. + d = .()7451.j A- =1.1.884 

/ = 8.5U m = \:Ui n =S0.45l (tem|)erature during experiment = + 2^ C.\ 

From the e<pnitiou 

, f (a—x) X (n—fx) . V I . 
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we ol)t<ain, by 8olution of the (luadmtic for x, 

I I bn —agk jV _ A 

' ~ V chkm-hk'\-fk-chhn'^ 4 ~2 

where for brevity 

bdm+hn+bk—'(bckin+a/k+gk) 
"" ch km -\-/k — {chlm + hie) 

Substituting numbers for symbols, we obtain the total wei;rUt of mercury in the thermometer, 
x = 4.70 grammes. 

With this vahie the approximate water equivalent of the bulb may be found thus: 

At 30^ G. the weight of mercury in stem =0.00 grammes, leaving weight of mercury in bulb = 

4.64 grammes. 

As the density of mercury at 30 C. is about 13.54, the volume of 4.04 grammes of mercury = 

4.04 

l^r I =0.3427 cc. The external volume of bulb (assuming it to be a sphere of 0.4815 c. m. radius) 

is J JT K (.481 5)3 = 0.4688 cc. 

The difference of these volumes gives the vohime of glass in bulb = .4688 — .3427 = 0.1261 c. 
c; whence weiglit of glass in bulb = .1261 x 2.83 = 0.3569 grammes. 

Taking the specific heat of mercury =.033.'>, and the specific heat of glass =.198, we have: 

Wattr eqiiivah'nt of mercury 4.64 X .03:13 = 0. 1545 

Water equivalent of ^lans 0.:i5G9x.l98 =0.0707 

Total water equivalent of bulb 0.2252 

By a similar application of method I to thermometer ^'Green 4571", the following results were 
obtained: 

Grammes. 

Weight of mercury in bulb 9.80 

Weight of Kla88 in bulb 0.8190 

Water ef|uivalent of bulb 0. 48Kt 

SECOND METHOD. 

Determination of the water equivalent of the bulb of thermometer '' Green 4671," by balancing at sev- 
eral points on the stem, both in air and in water.* 

\\\ this method we seek to discriminate between the weights of mercury and glass in the ther- 
mometer by the difference in the buoyant effect of water on them. The principle of the method 
nuiy he illustrated by the following example : Suppose that we knew the exact center of gravity of 
the glass in the thermometer, and made this point the fulcrum ; suppose, also, that we balanced 
the mercury in the bulb and stem by a rider, of the same density as mercury, placed at a suitable 
distance from the fulcrum upon the part of the stem opposite to the bulb. Under these circam- 
stances the whole apparatus might be immersed in water and the balance would remain undis- 
turbed. Next, suppose the fulcrum situated between the center of gravity of the glass and the 
bulb of the thermooieter. In this position the mercury would be balanced by the combined weight 
of the rider and a portion of the glass stem at the extremity opposite to the bulb. (This last is 
only approximately determinate.) If now the apparatus were immersed in water, the counter- 
balancing portion of the stem, being of ttmaller si)ecitic gravity than the rider, would suffer a 
greater proportionate diminution of weight than the rider or mercury; the distance of the coun- 
terpoise would therefore have to be increased in order to restore the ecjuilibrium ; and hence if we 
were to neglect the actiiui of the balancing ]>art of the stem, the calculated weight of mercury 
would appear to be greater from the water experiment than from that in air. On the other hand, 
if the fulcrum were placed too near the ring end of the thermometer, the ai)parent weight of mer- 
<!ury would be less from the water experiment than from that in air. The mode of procedure sug- 
gested by these considerations is t4> shift the fulcrum and determine experimentally the point at 

•The writer iir(»|NiH(Ml tliin iiietlHHl,|but all the prewnt (letaiU of its application an» due to Mr. F. W. Very. 
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which the mercury is balanced by the same weight in water as in air. The moment of this weight 
is then equal to the moment of the mercury. In what goes before we have supx)osed the counter- 
poise to be of the same density as the mercury ; but this is not necessary, provided its density be 
known. It is desirable, however, to use a dense metal rider, since the greater the ditference 
between the specific gravity of the counterpoise and the glass, the greater will be tlie difference 
between the water and the air values for the same displacement of the fulcrum. 

Letir = total weight of mercury. 

ti7i= weight of mercury in the bulb. 
ir2=weight of mercury in the stem. 
fi?3=weight of rider. 

/i=lever arm of mercury in the bulb. 

/2=lever arm of mercury in the stem. 

/3=lever arm of rider in air. 

Z^zzrlever arm of rider in water. 

Z5=lever arm of empty and uncounterbalanced part of bore. 

V =volume of empty and uncounterbalanced part of bore. 

e =apparent expansion of mercury for 1 centigrade degree. 

a =length of mercury column in centignule degrees. 

S =speciftc gravity of mercury. 

8 =si>ecific gravity of rider. 
Then if the experiment be performed in air we have 

(1) Wili-\-Wikz=1C3li 

and 

(2) W2 = a4^ W 

whence 

(3) vr=tr,+«..=^^^^J^^^:_-^^j 

If the weighing be made under wat<5r, 

W2 UxCl- -) vk 

(4) Tr= ---/--ix 

(l^+ael2—aeli)x[l g) 

When the fulcrum is properly placed (3) is equal to (4). 

In the actual performance of the experiment, the stem of the thermometer, placed horizon- 
tally, was firmly attached by fine copper wire to the beam of a balance from which the scale pans 
had been removed. Any degree of the stem could be brought opposite to the index of the beam, 
and the equilibrium could be restored by a metal rider sliding along the graduated thermometer- 
stem, whose divisions served to measure its distance from the fulcrum. 

As any marked inequality in the density of the balance arms, though of very little imi)ort>ance 
in weighings conducted in air, would have seriously aft'ected those made under water, the beam 
was tested for such inequality, which was found to be altogether negligible. 

Dimensions of thermometer *' Green 4571": 

The bulb and 13 mm. of the stem of this thermometer are blackened. The diameter of the 
stem is but slightly diminished where it joins the bulb. 

Mean diameter of spherical bulb l*"™. 247. 

Stem graduated in t^o"' C. from -f- 10^ to + (50^ C. 

1(P is 7.G «=™. from junction of stem and bulb. 

Length of cylindrical part of stem XV"\ (M). 

Average diameter of cylindrical part of stem 0«^"'. 51HJ. 

Length of 1^ (K"'. 4H4. 

Volume of 1° of bore C«.CK)012. 

Volume of F of stem (K^ VM'Mk 

Specific gravity of the glass (approximately) *2. 78 

The weight of the rider used was W3=2i.(}3 grammes, and its density, «=9.065. The density 

of mercury at 10^ C. was taken to be S=\3.o7. Hence 1— -=0.88969, and 1—^=0.92631. 

The following are the results of experiments with various positions of the fulcrum. TV is csilcn- 
lated from formulje (3) and (4), in which the influence of the glass is neglected. The apparent ex- 
12635— No. XV 11 
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pansion of mercury is taken to be e=Q-^^j^. The correction (vk) for buoyancy in water of the 
empty and unbalanced part of bore is here negligible. 

Table 60. 







Weighinfc in all 


1 

• 


Falcnun 


liin 


Teinperature=24o.4 C, 


a=30o.2. 


1 




at— 


centimotore. 


tosiiin 


If in 


W. in 






oe^rXra c-timoter. 


grarameft. 


o 
28.0 


16.02 


158. 39 9. 06 


9.338 


2a5 


17.16 


167. 54 1 9. 30 


9.738 


29.0 


17.40 


176.69 


9.54 


10.128 


29.5 


17.64 


185.84 


9.78 


10.509 


30.0 


17.88 


194. 99 10. 02 


10.878 


80.5 


iai2 


204. 14 10. 26 


11.237 


3L0 


18.36 


213. 29 10. 50 
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1&60 


222.44 
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32.0 


ia84 
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10.98 


' 12.259 
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11.22 


12.583 



1 Weigbinff in water. i 


1 Temperature— lOo.O C, 


0=150.8. 


wshx(l-^) 


bin 


W. in 


in gramme- 


oentimeters. 


grammes. 


' centimeters. 






1 

152 68 
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165.40 
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^^ ^ J»** Ji"" M"* JS'>JPMrmtktie. 

Determination of Mercury In Thermometer, Oreen, No. 4571. 

Using the numbers in the fifth and eighth columns for graphical construction, we obtain two 
slightly cnrve<l lines (see Fig. 7), which intersect at the point whose ordinate is 10.45 grammes, 
falling opposite the |)oint on the stem registering 21K>.42, which is the true center of gravity of the 
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glA8» portion of the tbermometer ; and 10.45 grammes (which is the weight which woald have been 
obtained either in air or in water if the fulcrum ha^l been placed at 29^.42) is therefore the true 
weight of the mercury. 

From thi& we calculate the water equivalent of the bulb. At 30° C. the weight of mercury in 
stem = 0.06 grammes ; leaving the weight of mercury in bulb = 10.39 grammes, occupying at 30° C. 
a volume of 0.7672 cc. 

The external volume of the bulb (assuming it to be a sphere of 0.6235 cm. radius) is 4^ ;r x 
(.6235)^= 1.0184 cc. The difference of these volumes gives the volume of glass in the bulb = 
1.0184-.7672 = 0.2512 cc., and its weight = .2512x2.78 = 0.6983 grammes, whence: 

Water eqaivalent of luorcury 10.39 X .0333=0. :M60 

Water eqaivalent of gltiss 0.6983X .198=0. 13«3 

Total water equivalent of bulb 0.4843 

By a similar application of method II to thermometer ^^ Baudin 8737 " the following results were 

Weight of mercury id bulb 4.87 

Weight of glass iu bulb 0.3314 

Water equivalent of bulb 0.SJ278 

THIRD METHOD. 

Determination of the water equivalents of the bulbs of thermometetB ^^ Baudin 8737 '^ and " Oreen 4571^ 

by direct measurements of specific heat. 

A cylindrical cup, slightly larger than the bulb of the thermometer, was made of very thin, 
highly polished steel and attached by a fine stem to an ebonite base, the whole being inclosed in a 
cylindrical case of reflecting metal. This cup, containing either mercury or water, constituted the 
calorimeter. 

The thermometer was first heated to about 60^ G. Its bulb was then held directly over the 

calorimeter, into which it was plunged at the instant it had cooled to a certain recorded degree. 

Under these conditions the temperature of the thermometer falls, at first rapidly, becoming nearly 

stationary in about one half minute. This stationary point was assumed to be the temperature of 

the mixture. 

Galling TV= weight of the thermometer bulb and small part of stem. 

x= specific heat of thermometer bulb and small part of stem. 

Gj = weight of steel cup. 

V = specific heat of steel cup. 

tr= weight of liquid in cup. 

y= specific heat of liquid in cup. 

T= original temperature of thermometer at immersion. 

6 = maximum temperature of mixture after immersion. 

t = temperature of liquid and cup before immersion, 
the thermometer bulb, cobling through (T—6)^^ loses Wx x {T-^O) calories, and the cup and con- 
tents gain (cav+wy) x (0—t) calories. Neglecting provisionally all losses or gains by |[udiation or 
convection, we may equate these expressions: 

Wx (T-e)=(GW+try) (^-t) 

The water equivalent of the thermometer bulb is then 

(cov+ wy) ( O^t ) 

We give an actual experiment in full : 

Thermometer ^^ Baudin 8737"; 19.05 grammes of mercury being used in a steel cap weighing 
2.51 grammes, the thermometer fell upon immersion from 58^.0 G. to 28^.8, and the cup rose from 
2XPM to 28^.8; whence the water equivalent of bulb= 

[(2.51 x.ll7)+(19.05x. 033)1x7.95 _^ gSll 
29.2 

The following results were obtained ; using mercury (mean of 3 experiments), water equivalents. 
2!M&^ using water (mean of 2 exi)eriments), water equivalent=.2522. From all experiments with 
oalorimeter Wx=.2530. 
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The experiments were varied in several ways, beside the substitution of mercury for water. 
In some of the trials the bulb alone wsis dipped; in others, a portion of the slender glass stem 
(about 3 mm.) was also included. Losses or gains by radiation and convection were confined 
within known limits by insuring that the initial temperature of the calorimeter was in some cases 
that of the place of experiment; in others, that it was cooler, so that the final temperature should 
be that of the room. Thus the calorimeter and its contents were in some instances radiating heat 
to the inclosure, while in others they were receiving heat from the iiiclosure; or, in other wonls, 
l)art of the results just cited were designedly too small, and others too large. Hence we may be 
sure that the true result lies between certain narrow limits. What these limits are may be seen 
from the following table, which shows the variations produce<l by these changes : 

Table 61. 



in'^^rJiSr. , (WheSriSdu<{2l^'ornot.) ' Relative temperature of incisure. 



I- 



Water 
equivalent. 



Cal. 
0.2511 
0.2515 



, { Ileat roceivetl from Rtoni I Cool (calorimeter radiating; heat) .... 

Mercury < Heat not received from Htem (^ool (calorimeter radiating heat) 

( Heat riMrci ve<l from stem , Warm (caloiimeter receiving hi«it) ... 0. 2611 

Wtttor 5 Heat received from atem ■ Warm (calorimeter receivini; heat) ... 0. 2446 

I Heat not retrelvod from stem Cool (calorimeter radiating heat) 0. 2507 



The value 0.2536 cal. (mean of the above 5) has been adopted as the water equivalent of the 
bulbof''Baudin8737.'^ 

By similar calori metrical experiments the water equivalent of "Green 4571" has been found 
to be 0.4971 cal. This value is jvlso adopted. 

DETERMINATION OF THE WATER EQUIVALENT OF THERMOMETER *< GREEN 4572.'' 

This thermometer, which was one of those used in actinometric measurements on Mount 
Whitney, was, after the return of the expedition, broken in transit to New Haven, where it was 
being sent for niting Three methods, however, remained open for determining its constants. 

First. The bulb having fortunately remained, its dimensions were carefully measured and its 
mercury contents weighe4l at the Yale Horological Bureau, so that this determination of its weight 
may be considered at least as accurate as any, though it was obtained at the Scocrifice of the in- 
strument. 

Second. The equatorial diameter of the bulb of "Green 4571" as measured by a vernier caliper 

at Allegheny was 1.247 cm., and that of "Green 4572" was 1.207 cm. These thermometers, 

made at the same time by the same maker as near alike as possible, may be safely assumed to 

have their water equivalents nearly in the ratio of the volumes of ^he bulbs, and if we multiply 

(1.207)'' 
0.4971 (the adopted water equivalent of **Green 4571") by \J^ijT^L we get A50S for the approximate 

water equivalent of "Green 4572." We prefer to treat these two values, however, thus obtained 
as check values, and to rely for the adopted one on the reduction to the calorimetric standard. 

Third. A considerable number of simultaneous actinometer readings having been taken with 
the thermometer <* Green 4572," and with the very similar " Green 4571," it was i)ossible to reduce the 
measures made with the broken thermometer to the standard of those made with the unbroken one.* 

The diameter of the bulb of "Green 4572" was 1.207 cm., and the weight of mercury contained 
in it was 10.60 grammes; whence we calculate: 

cc. 
Volume of bulb 0.9208 

Volume of mercury : 0.7794 

Volume of glaaa 0. 1414 

Gnmniet. 

Weight of glass 2.8 X. 1414=0.3969 

Water etiuivalent of gbuw 198 X . 3959=0. 0784 

Water e<iuivalent of mercury 0:mx 10. 60=0. 3530 

Total water equivalent of bulb 0.4314 

For the comparison of the thermometers "Green 4571^ and "Green 4572," which were used in 
actinometers No. 2 and No. 3 respectively, we have the following initial rates determined during 
synchronous readings of the instruments : 
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Table 62. 

[Station, Lone Pine. Observers, Sorfceants Dobbins and Nanry.] 







Initial rate 


of beatinf;. 


Date Local time. 








Actinomct«>r No. 2; 


AcUnomoter No. 3 ; 






themiomoter "0.4571." 

o 


thcrmoiueter "G.4572." 


~ 1 
1881. 1 h. m. h. m. 


o 


AVLR. 3 ; 11 35 to 12 05 


3. 631 C. 


3.717C. 


3 ! 12 05 to 12 35 


3.641 


3.734 


3 


4 00 to 4 30 


2.945 


3.048 


3 


4 30 to 5 00 


2.934 


3.018 


4 1 7 00 to 7 30 


3.071 


3.127 


4 7 30 to 8 00 


3.273 


3.400 


4 : 11 30 to 12 00 


3.361 


3.474 


4 12 00 to 12 30 


3.427 


3.434 


4 , 4 00 to 4 30 


2.973 


3.119 


4 ' 4 30 to 5 00 


2.941 


2.889 


5 1 7 00 to 7 30 


3. 120 


2. 9.'>6 


5 ' 7 30 to 8 00 


3.375 


3.332 


5 11 30 to 12 00 


3.573 


3.797 


5 12 00 to 12 30 


3.656 


3.599 


5 1 4 00 to 4 30 


2.572 


2.587 


5 1 4 80 to 5 00 


2.478 


2.586 


Average initial rate 


3.186 


3.239 



Reduction of " Oreen 4572'' to caloritnetrie standard. 

Galling (m 6o)z the initial rate of beating of exposed thermometer in No. 2, 
(w ^0)3 the initial rate of heating of exposed thermometer in No. 3, 
M2 the water eqnivalent of bulb of exposed thermometer in No. 2, 
itfa the water equivalent of bulb of exposed thermometer in No. 3, 
82 the area of medium section of bulb in No. 2, 
82 the area of medium section of bulb iu No. 3, 
Bt the solar radiation in calories in No. 2, 
R3 the solar nidiation iu calories in No. 3, 



we have 



Bt = (fit ^0)2 X 



iu which, for synchronous exposures, 



whence 



M2 

82 

K3 = (m ^0)3 X ^ 

K2 = R3J 

,i- (w^ ^0)2 83 Ml 
ill 3 = 



(w Ooh 8, 

Iu the present case, (m ^0)3 = 3^.186, 

(m 60)2 = 30.239, 

82 = 1.221 s<i. cm., 
82 = 1.144 sq. cm., 
Mt = 0.4971, and 

il/3 = water equivalent of bulb of *' Green 4572," 
= 0.4580, which is the value finally adopted. 
It will be seen that the water equivalents of thermometer bulbs, determine<l by direct calori- 
metrical observations, are in every case greater than those inferred from weighings. The differ- 
ence may perhaps be taken as a rough measure of the amount of heat conducted by the stem, 
which will vary, owing to the diflferences in the form and blackening of the stem, already alluded to. 
Our direct calorimetric method has taken a partial account of this conduction in the stem, while 
bur check methods have not taken any, and some small correction should be added to the latter 
to make them agree with the former. There is some doubt, however, as to how far this correction 
ahpnld be included in the direct value; for, while this is t^vken in theory to depend only on the 
initial rate, which is supi>osed to be the snme whether the heat is lost by radiation or conduction, 
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it in hard to admit that iu practice it is a matter of entire indifierence whether the bulb is insulated 
or attiiched to a conducting support. 

The amount of heat conducted by the stem was determined by the following exi)eriment, 
which, however, strictly applies only to the Green thermometers, which have not so small a neck 
as the Baudin. The stem of thermometer, "Green 4571,'' was passed transversely through a piece 
of rubber tubing, so that the bulb and 1.5 cm. of the stem projected beneath the tube and were 
protected from radiation by multiple cardboard screens. A stream of hot water was then made 
to flow through the tube, heating the included portion of the stem. When the thermometer was 
inverted at intervals, so as to distribute the heated mercury in the bulb (an essential precaution), 
it was found that the flow of heat from an excess of 15^ 0. in the temperature of the stem, along 
a distance = 1.5 cm. of the stem, by its conduction caused the bulb to attain a stationary tem- 
perature of 50.75 in excess of that of the surrounding air at the end of 12 minutes. Now, sup- 
posing (what is but approximately true) the rise to have followed the logarithmic law, we have to 
inquire, in order to find what the radiation was at the end of 12 minutes, what is the initial rate 
of cooling of this thermometer for an excess of temperature of 5^.75 above its surroundings. This 
rate is about 1^.25. We conclude, then, that, when the equilibrium was established, the flow was 
sufiicient to heat the bulb 1<^.25 per minute in the above experiments. 

If, now, we ask what the flow would be the other way — that is, if the bulb wore 15° hotter 
than the stem — it does not seem probable that it would be materially different ; for, though the 
stem is a poorer conductor than the bulb, it is still able to conduct heat so as to produce this result 
through 1.5 cm. of glass, and it radiates freely. We conclude, then, that the bulb, which loses 
heat by immediate contact with the glass, will lose its heat by this conduction at the rate of 1^.25 
per minute when its temi)erature of excess is 15^, or that the loss of heat by conduction along the 
stem is 8^ per cent. 

FINAL VALUES. 

Water equivalent of ''Baudin »737." 

By woi«hinK (Method D, 0.2252) 

(Methoilll), 0.2278 J ^®*° "-^^ 

Correctiou for coudnction along stem, 8 per cent 0181 

Check value 0.2446 

Adopted value by direct oalorimetrical measurement 0.2536 

(The check value is 96 per cent of the adopted value. ) 

Water equivalent of ''Green 4571.'' 

By weighing (Method I), 0. 4885 ) __ ^ ^^^ 

(Method II), 0.4843 r^" ^'^ 

Correctiou for conduction along stem, 8 per cent 0.0389 

Check value 0.5253 

Adopted value by direct calorimetrical measurements 0. 4971 

(The check value is 106 per cent, of the adopted value.) 

Water equivalent of "Oreen 4572.'' 

By direct weighing 0.4314 

Correction for conduction along stem, 8 per cent 0.0345 

0.4659 
By ratio of bulb volume 0.4508 

Mean check value 0.4584 

Adopted value by reduction to calorimetrical standard 0. 4580 

We have adopted, then, these values for what may be called the effective water equivalents, 
namely: "Baudin 8737," 0.2536;. "Green 4571,'' 0.4971; "Green 457 V 0.4580; with the admission 
that, owing to difficulties inherent in the method, there can be little confidence in the figures be. 
yond the second decimal place (and some uncertainty, perhaps, even in regard to these), while yet 
it must, we hope, be clear that no noteworthy error in the solar constant can be due to this cause. . 



CHAPTER Vir. 



TABLES OP RESULTS OP ACTINOMETER OBSERVATIONS. 

A fall example of the actual rise and fall of the thermometer from minat« to miuate in the 
heating and cooling carves has already been given for August 25 (Mountain Gamp). Every one 
of the observations which follow, was taken with such minute readings, though the results are 
only here given for every fifth minute, reduced by M. Violle's method. Wherever the customary 
mode of reduction has been departed from in any way, the resulting numbers have been distin- 
guished by enclosing them in parentheses. The changes are in all cases trifling, and do not re- 
quire detailed explanation. We have, using his notivtion : 
^o=Temperature of final excess. 
911= A quantity, which he assumes to be a constant, and the reciprocal of the subtangent of 

a logarithmic curve. 
m ^o=The initial rate of heating. 
w, as actually determined here, however (see Chapter VIII), will require subsequent correction. 

Table 63. 

[Lone Pine, Au^st 18, 1881. Obeorvor, W. C. Day. Actinomoter No 2. Medium apertore.] 



Time. 


Water ther- Sun ther- 
mometer. 1 momoter. 


Difference. 


Exposure, i 

1 


Time. 


Water ther- 
mometer 


Sun ther- 
mometer. 


DiflTerenco. 


Exposure. 


7^00- A. M. 


17°. 64 


170.80 


Oo.lG 


Shade. ! 


7*30- A. M. 


180.98 


190. 48 


00.50 


Shade. 


05 


17 .80 


26 .93 


9 .07 


Sun. 1 


35 


19 .20 


28 .89 


9 .69 


Sun. 


10 


18 .08 


29 .70 


11 .62 


Sun. 


40 


19.42 


31 .70 


12.28 


Sun. 


16 


18.31 


30 .80 


12 .49 


Sun. 


45 


19 .09 


32 .51 


12 .82 


Sun. 


SO 


18 .53 


22 .60 


4 .07 


Shade. 


50 


19 .95 


24 .16 


4 .20 


Shada 


25 


18.76 


20.19 


1 .43 


Shade. 


55 


20 .20 


21 .60 


1 .40 


Shade. 


30 


18 .98 


19 .48 


.50 


Shade. 


8 00 


20 .48 


20 .90 


0.42 


Shade. 


«»=12o. 06 ; m=. 223 ; m 0o»2^. 89. 




1 ••=13o. t 


«: wi = (.227): m»o=3o08 


» 




Sky, elmr^ very good. Wind, calm. 


Shade. 


1 Sky, clear. Wind. cakn. 






11^30" A. M. 


300.48 


30O. 50 1 0^. 02 


12*00- M. 300.77 31O.50 


00.73 


Shade. 


35 


80.54 


41 .20 1 10 .66 


Sun. 


12 05 P. M. 30 . 80 41 . 70 


10.90 


Sun. 


40 


80 .00 


44 . 20 1 13 . 60 


Sun. 


10 30 . 83 44 . 40 


13 .57 


Sun. 


45 


30 .GO 


44 . 96 ; 14 . 30 


Sun. 


15 1 30 . 86 ; 45 . 12 


14 .26 


Suo. 


50 


30 .70 


35 . 31 4 . 61 


Shade. 


20 < 30.88 1 35.40 


4.52 


Shade. 


65 


30 .74 


32.48 1.74 


Shade. 


25 30 . 90 . 32 . 69 


1 .79 


Shad& 


12 00 M. 


30 .77 


31 .50 


.73 


Shade. 


30 i 30 . 92 
fl»=15o.20; m=.218; 


31 .70 


.78 


Shada 


«»sl40. 90 ; m=. 218 ; m0o=3^. 27. 


m«D=3o. 31. 






Sky, very clear. Wind, almost calm. 




Sky, clear. Wind, almost calm. 






4*00- P. M. 


1 
31°. 62 i 32^. 05 


0^.43 


Shade. 


4*30- P.M. 


310.35 


32^.20 


00.85 


Shade. 


05 


31 .57 ; 41 .20 


9 .63 


Sun. 


35 


31 .30 


40.70 


9 .40 


Sun. 


10 


31 . 53 1 43 . 68 


12 .15 


Sun. 1 


40 


31 .24 


42 .90 


11 .06 


Sun. 


16 


31.48 i 44.15 


12 .67 


Sun. , 


45 


31 .18 


43.29 


12.11 


Sun. 


30 


31.44 35.65 


4 .21 


Shade. 


50 


31 .12 


35 .12 


4 .00 


Shada 


26 


31 . 39 33 . 09 


1 .70 


Shade. 


55 


31 .06 


33.70 


1 .64 


Shada 


30 


31 .35 


32 .20 


.85 


Shade. 

1 


5 00 


30 .99 


31 .80 


0.81 


Shada 


«»=13o.68; m=.200; 


m^=2o. 84. 


••=130. 1 


15: m=.202: m4b=2o.66. 




Sky, very clear. Wind light. 


1 


Sky, very clear. Wind, light, dl 


iminishing. 
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Table 64. 



[Loue Pine, Augnst 19, 1881. Observer from 7^ to 8\ A. C. Dobbins : remaining series by W. C. Day. Actinometer No. 2. Medinm 

aperture. 1 



1 

Time. 


Water tlior- 
roometer. 


Sun tber- 
mometer. 

160.32 


Difference. 

oo.oo 


Exposare. ' 
Shado. 


Time. 


Water ther- 
luometer. 


Sun ther- 
mometer. 


, Difference. 

» 
1 
1 

; 00.58 


Expoeare. 


7*00- A. M. 


16^.32 


7*30'" A. M. 


170. 62 


180.20 


Shade. 


05 


16 .49 


25 .48 


8 .99 


Sun. 


35 


17 .87 


27 .69 


9 .82 


Sun. 


10 


16 .66 


28 .44 


11 .78 


Sun. 


40 


18 .13 


80 .59 


12 .46 


Sun. 


15 


16 .87 


29 .48 


12 .61 


Sun. 


45 


18 .40 


31 .51 


13 .11 


Sun. 


20 


17 .11 


21 .28 


4 .17 


Sbade. i 


50 


18 .68 


22 .90 


4.22 


Shade. 


25 


17 .36 


18 .87 


1 .51 


Shade. 


55 


18 .98 


20 .48 


1 .50 


Sbada 


30 


17 .62 


18 ,20 


.58 


Shade. 


8 00 


19 .30 


19 .72 


.42 


Shade. 



fl»=13o.06; tn=(.217); m tf«=2o.83. 

Sky, very light haze. Wind, calm to gentle. 



11*30- A. M. 

35 

40 

45 

50 

55 
12 00 M. 



31o.g0 

31 .96 

32 .10 
32 .25 
32 .37 
32 .48 
32 .58 



31°. 98 
43 .12 

45 . 94 

46 .73 
37 .08 
34 .29 
33 .41 



0^.18 
U .16 

13 .84 

14 .48 



4 

1 




71 
81 
83 



' Shade. 
I Siin. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



. 


— " 




■ 


•.=150.37 ; m=.215: 


m ao=3o.31. 






Sky, very clear. \^ 


"^ind, calm. 
' 34-^. .TO 


00.48 




4*00- P.M.! 330.82 


Shade. 


05 33 . 73 


1 43 . 80 1 


10 .07 


1 Sun. 


10 , 33 .63 


46 .20 


12 . 57 


1 Sun. 


15 33 .54 


46 .68 


13 . 14 


Sun. 


20 33 .44 


37 .90 


4 .46 


Shade. 


25 33 .35 


35 . 20 , 


1 .85 


Shade. 


30 33 .26 

1 


34 .23 
m«.=2*^.01. 


.97 


Shade. 

i 


«.=14o.l7; m^.205; 




Sky, clear. Wind, 


vor>- slight breeze. 





»o=13o.81; m=(.222); m tfo=3o.07. 

Sk3*, very light haze. Wind, gentle to calm. 



I 12*00- M. 
05 P.M. 
10 

.1 15 

, 20 

I 25 

30 



320.58 
32 .60 

32 .90 

33 .00 
33 .09 

33 .18 



330.41 
43 .90 

46 .61 

47 .40 
37 .80 
34 .90 
34 .01 



0^83 
11 .21 

13 .81 

14 .50 
4 .80 
1 .81 
.83 



Shade. 

Sun. 

Sun. 

San. 

Shade. 

Shade. 

Shade. 



tfo=15o.57; m=.215; m flo=3o.35. 
Sky, clear. Wind, calm. 



I 
4*30" P.M. 

35 I 

40 

45 I 

50 

55 I 

5 00 I 



33\ 26 
33 .16 
33 .06 
32 . 97 
32 .88 
32 .78 
32 .68 



340,23 
42 .86 

44 .90 

45 .30 
36 .97 
34 .49 
33 .60 



00.97 
9 .70 
11 .84 
12.33 
4 .09 
1 .71 
.92 



Sha4le. 

San. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



fl«=13o.47; TO=.208; mflo=2o.80. 
Sky, clear. Wind, very slight breeze. 



Table (m. 

[Lone Pine, Angnst 20, 1881. Observer, A.C. D. Actinometor No. 2. Medium aperture.] 



i 

Ti«»« 1 Wator ther- 
T*"®- mometer. 


Sun ther- 
mometor. 

I60.I6 


Difference. 


Exposure. 


Time. 
7*30- A. M. 


Water ther- 
mometer. 


Sun ther- 
mometer. 

170. 80 


Difference. 


Exposare. 


7*00- A. M. 160.10 


00.06 


Shade. 


170.33 


00.47 


Shade. 


05 > 16 . 24 


25 .68 


9 .34 


Sun. ' 


35 


17 .63 


27 .65 


10.02 


Sun. 


10 


16 .39 


28 .52 


12 .13 


Sun. 


40 


17 .94 


30 .76 


12 .82 


San. 


15 


16 .59 


29 .50 


12 .91 


Sun. 1 


45 


18 .27 


31 .90 


13 .63 


San. 


20 


16 .83 


20 .94 


4 .11 


Shade. 


50 


18 .71 


22 .91 


4 .20 


Shade. 


25 


17 .09 


18 .51 


1 .42 


Shade. 


55 


19 .10 


20.47 


1 .37 


Shade. 


30 


17 .33 


17 .80 


.47 


Shade. 


6 00 


19 .50 


19.70 


.20 


Shad& 



••=13o.34; f»=.227; tn ••=30.03. 

Sky, clear, little haze about Inyo mountains. Wind, gentle. \ . 



^0=140.09; f» (233): »n fl»=3o.28. 
Sky, clear. Wind, gentle. 



11*30- A. M. 


330. 06 


330.35 


00.29 


, Shade. 


12*00- M. 


330.53 


340.50 


00.97 


Shad*}. 


85 


33 .14 


44 .30 


11 .16 


San. 


05 P.M. 


33 .61 


44 .00 


11 .29 


San. 


40 


33 .22 


47 .11 


13 .89 


Sun. 


i 10 


33 .60 


47 .53 


13 .84 


San. 


45 


83 .30 


47 .97 


14 .67 


San. 


15 


33 .77 


48 .30 


14 .53 


Son. 


50 


33 .37 


38 .05 


4 .68 


Shade. 


20 


33 .84 


38 .41 


4.57 


Shade. 


55 


33 .45 


35 .39 


1 .94 


Shade. 


25 


33 .92 


35 .80 


1 .»8 


Shadeu 


12 00 M. 


33 .53 
>7; m=.211: 


34 .50 


.97 


Shade. 


30 

fti=15o.6 


34 .00 
3: w = .216; 


34 .91 


.91 


Shade. 


••=150.5 


fn ••=3o.29. 






m fl»=3o.3a 






Sky, sli| 


{ht haze. 'V^ 
330.53 


^ind, gentle 
840.03 


toft-esh. 
00.50 




Sky. ligl 
4*30- P.M. 


hthaze. Wi 
330.30 


tnd, gentle U 


> fresh. 




4*00- P. M. 


Shade. 


340.30 


10.00 


Shade. 


05 


33 .51 


43 .60 


10 .15 


Sun. 


, 35 


33 .24 


42 .90 


.66 


Sob. 


10 


33 .48 


46 .00 


12 .52 


Sun. 


' 40 


33 .17 


45 .12 


11 .95 


Son. 


15 


33 .44 


46 .34 


12 .90 


Sun. 


45 


33 .10 


45 .36 


12 .26 


San. 


20 


33 .40 


37 .71 


4 .31 


Shade. 


50 


33 .02 


37 .14 


4 .12 


Shade. 


25 


33 .36 


85.19 


1 .83 


Shade. 


55 


32 .94 


34 .70 


1 .76 


Shade. 


30 


33 .30 
13; tit=.205; 


34 .30 
m fl»-2o.88. 


1 .00 


Shade. 1 


5 00 

1 

«•= 130.5 


32 .84 

I 

0; m=.206: 


33 .81 


0.97 


Sbad& 


••=14o.C 


1 


m 9%=29.78. 






Sky, llgl 


bthase. W 


Ind, brisk, v 


ariable. 




Sky. ligl 


It haze. Wi 


nd, gentle t< 


> Aresb. 
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Table 66. 



I Lone Pine, Auf^ust 21, 1881. Observer, A. C. D. Actinometor Ko. 2. Mediam aperture.] 



Time. 

1 . 

7^00- A. If. 
05 
10 
15 
20 
25 

ao 



Water ther-< Snn ther- 
mometer. ' mometer. 



Difference. . Expoenre. Time. 



180.75 

18 .87 
19.00 

19 .18 
19 .38 
19 .62 
19 .84 



(Itjo. 75) 

(28.1 ) 

(30 .6 ) 

(31 .7 ) 

28 .35 

20 .93 

20 .20 



( Oo.OO) 

( 9.2 ) 

(11 .8 ) 

(12.5) 

3 .97 

1 .31 

.36 



! Water tber- > 8iin ther- 
! mometvr. mometer. 



Shade. 

Suii. 

San. 

Sun. 

Shade. 

Shade. 

Shade. 



7»30- A. M. 

35 

40 

45 

50 

.'>5 
8 00 



190.84 
20 .07 
20 .33 

20 .61 

21 .00 
21 .41 
21 .82 



Difference. Expoenre. 



200.20 
29 .68 
82 .60 
33 .71 
25 .09 
22 .65 
22 .00 



00.36 
9 .61 

12 .27 

13 .10 
4 .09 
1 .24 
.18 



Shade. 

Sun. 
- Sun. 

Sun. 
I Shade. 
I Shade. 
> Shada 



••=12o.86; t»=(.228); m^=2P.93. 

Sky, light smoke or haxe. Wind, gentle. 



0«=13o.49; m=(.239); m^=3o.22. 

Sky, light smoke or hase. Wind, gentle to calm. 



11^30- 


A.M. 


320.71 


820.00 


35 




32 .75 


43 .50 


40 




32 .80 


46 .51 


45 


1 
1 


32 .90 


47 .20 


50 


1 

1 


83 .00 


37 .50 


55 


1 


33 .10 


34 .71 


12 00 




83 .20 


83 .94 



I Shade. 

Sun. 

Sun. 
I Sun. 
' Shade. 
' Shade. 

Shad& 



00.19 
10 .75 

13 .71 

14 .30 
4 .50 
1 .61 
.74 



«»=(15o.24}: m=.224; m«D=3o.41. 

Sky, very light haze or smoke. Wind, fresh, steady. 



Shade. 
I Sun. 
Son. 
Sun. 
Shade. 
Snade. 
Shade. 



1 

i*oo« p. If. 


340.07 


340.64 


00.57 


05 


84 .01 


48 .72 


9 .71 1 


1® 


83 .93 


45 .82 


11 .87 


15 I 


33 .89 


46 .41 


12 . 52 


20 


33 .82 


88 .00 


4 .18 


25 


33 .74 


35 .51 


1 .77 


30 


33 .67 


34 .70 


1 .03 



#•^^30.54; m=.203; m4b=2o.75. 

Sky, light hase or smoke. Wind, fresh to brisk. 



12*00- M. 
05 P.M. 
10 
15 
20 
25 
30 



330.20 
83 .25 
33 .80 
33 .42 
33 .53 
33 .64 
33 .76 



330.94 
44 .29 
47 .05 
47 .80 
88 .42 
35 .50 
84 .59 



I 



00.74 


Shade. 


11 .04 


Sun. 


18 .75 


Sun. 


14 .38 


Sun. 


4 .89 


Shade. 


1 .86 


Shade. 


.83 


Shade. 



00=15047; m=.212: m««=3o.28. 

Sky, very light hace or smoke. Wind, ftvah, steady. 



4*30- P. M. 

35 

40 

45 

50 

55 
5 00 



830.67 
38 .60 
33 .52 
33 .45 
33 .87 
33 .29 
33 .20 



340.70 
42 .82 

44 .82 

45 .22 
37 .40 
35 .06 
34 .19 



10.03 


Shade. 


9.22 


Sun. 


' 11 .30 


Sun. 


' 11 .77 


Sun. 


1 4 .03 


Shada 


' 1 .77 


Shade. 


1 .99 

1 


Shade. 



00=120.97; fn=.201; m^=29.B\. 

Sky, light haze or smoke. Wind, flresh to brisk, decreasing. 



Table 67. 

[Lone Pine, August 22, 1881. Observer, A C. D. Actinometer No. 2. Medium aperture.] 



Time. i^J^J^^- !"»*.'«!• 1 Difference. I Expoenre. i Time. 



mometer. mometer. 



.Water tber' Sun ther- . pj^ 
mometer. . mometer. - *'»"'» '""^ 



Expoenre. 



7*00- A. M. 
05 

.10 
15 

SO 

25 

ao 



180.80 
18 -.97 
19 .14 
19 .34 
19 .54 
19 .76 
19 .96 



180.80 
27 .84 
80 .70 
31 .58 
23 .41 
21 .06 
20 .32 



Oo.OO 
8 .87 

11 .56 

12 .24 
3 .87 
1 .30 
.34 



Shade. 

Sun. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



7*30- A.M. 

35 

40 

45 

50 

55 
8 00 



190.98 
20 .20 
20 .45 

20 .76 

21 .08 
21 .40 
21 .73 



200.82 
29 .71 

32 .50 

33 .65 
25 .13 
22 .70 
22 .09 



00.34 
9 .51 
12 .14 
12 .89 
4 .05 
1 .80 
0.86 



; Shade. 

Son. 
> Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



6^=120.61; tn=(.227): m6D=2o.86. 
Sky, light smoke. Wind, gentle. 



11*30- A. M. 

35 

40 

45 

60 

56 
13 00 



1 



330.00 
82 .97 
32 .90 
32 .85 
32 .80 
82 .83 
32 .85 



330.01 
44 .00 

46 .62 

47 .45 
37 .43 
34 .62 
33 .67 



00.01 
11 .03 

13 .72 

14 .60 
4 .03 
1 .79 
.82 



Shade. 

Sun. 

Sun. 

Sun. 

Shaile. 

Shade. 

Shade. 



«•= 130.37 ; m=(.233): m««=3o.l2. 
Sky, light smoke. Wind, gentle. 



ii 



12*00- M. ' 

05 P.M.' 

10 ' 

15 ' 

20 ! 

25 

30 I 



320.85 
32 .87 
32 .90 
32 .88 
32 .88 
32 .88 
32 .88 



33^.67 
43 .90 

46 .09 

47 .27 
37 .48 
34 .62 
83 .72 



00.82 
11 .09 

13 .79 

14 .39 
4 .60 
1 .74 

.0 .84 



Shade. 

Sun. 

Snn. 

Sun. 

Shade. 

Shade. 

Shade. 



Ib=(15058); m=.218: m4b=3O30. 

Sky, light haze. Wind, fresh to gentle. 



4*00- 1». M. : 

05 I 

10 ' 

15 I 

20 

25 i 

30 



330.92 
33 .77 
33 .64 
33 .52 
33 .40 
83 .29 
38 .18 



340.50 
43 .35 

45 .65 

46 .26 
37 .73 
85 .18 
34 .26 



00.58 

12 .01 

12 .74 

4 .33 

1 .89 

1 .08 



I Shade. 
I Sun. 

Sun. 

Snn. 

Shade. 

Shade. 

Shade. 



«•= 153.42; m=.218: tii^=3^36. 
Sky, light haze. Wind, fh«h. 



4*30- P. M. 

35 

40 

45 

50 

55 
5 00 



330. 18 


340. 26 


33 .07 


42 .40 


32 .97 


44 .3M 


32 .87 


44 .80 


32 .78 


86 .85 


32 .69 


34 .50 


32 .50 


33 .60 



10.08 
9 .33 
11 .41 
11 .98 
4 .07 
1 .81 
1 .01 



Shade. 

Sun. 

Sun. 

Sun. 
' Shade. 
I Shade. 

Shade 
I 



6b=13074; m=.200; »»«t=2o.7.'». 

Sky, light smoke. Wind, gentle to fi-esh. 



«i=13o.14: m=.201 ; m«i=2o.64. 

Sky, light smoke. Wind, light to gentle. 



12535— No. XV 12 



/ 



90 



EESEAECHES ON SOLAR HEAT. 



Table GS. 

[Lone Pine, Aufi^nst 23, 1881. Observer, A. C. D. Actinometer No. 2. Medium aperture.] 



Time. 



7fcOO-A.M. 
05 
10 
15 
20 
25 
30 



Water ther- Sun ther- ■nj«'««.««« 
mometcr. mometer. ^^^^^<^^' 



I 



170.56 

17 .84 

18 .12 
18 .41 
18 .69 

18 .98 

19 .27 



17°. 40 
26 .69 
29 .70 
80 .80 
22 .58 
20 .26 
19 .60 



— 0°. 15 
-I- 8 .75 

11 .58 

12 .39 
3 .89 
1 .28 
.33 



I 



Exposure. 



Shade. 

Sun. 

Son. 

Sun. 

Shade. 

Shade. 

Shade. 



Time. 



: Water ther- Sun ther- 
mometer, mometer. 



Difference. Exposure. 



7'«30'»A.M. i 

35 

40 j 

45 

50 

55 I 

8 00 ' 



19°. 27 
19 .56 

19 .86 

20 .18 
20 .50 

20 .82 

21 .16 



190.60 

20 .23 

31 .65 

32 .90 
24 .50 
22 . 10 

21 .45 



00.33 
9 .67 

11 .79 

12 .72 
4 .00 
1 .28 
.29 



Shade. 

Sun. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



«*.= 12o.62; m=(.229); m^=2o.89. 

Sky, li^ht smoke, a few ciiri andcirrocumnli. Wind, lij^ht. 



eo=13-.20; ni=f.233); m9t,^S^.08. 

Sky, light haze, passing cirri. Wind, light. 



11*30- A.M. 


310.30 


310.30 


00.00 


Shade. 


, 12»'00"M. 31^.98 


320. 66 


1 00.68 


Shade. 


35 


31 .40 


42 .32 


10 . 92 


Sun. 


05 P. M. 32 . 00 


43 .23 


n .23 


Sun. 


40 


31 .50 


45 .25 


1 13 .75 


Sun. 


10 > 32 . 10 


1 45 . 98 


13 .88 


Sun. 


45 


31 .65 


46 .09 


14 .44 


Sun. 


: 15 32 . 25 


' 46 .68 


14 .43 


Sun. 


50 


31 .75 


36 .19 


4 .44 


Shade. 


20 32 . 40 


36 .90 


4 .50 


Shade. 


55 1 


31 .85 


33 .50 


1 .65 


Shade. 


25 32 . 50 


1 34 . 15 


1 .65 


Shade. 


12 00 M. i 


31 .98 


32 .66 

1 


.68 


Shade. 


30 32 . 60 


33 .31 


.71 


Shade. 


«.= (15o.29): m=.22<l 


; intf*x=3o.4fi 


». 


] 


»o^-15o 38; »H:-.235; 


mflot- 30.46. 






Sky, clear 


. Wind, t 


gentle to tret 


th. 

00.76 


Shade. 


Sky, clear. Wind, gentle to fresh, increasing. 


4»'00-P. M 


330.86 


340.62 


4* 30- P.M., 330.03 


1 

340.03 


10.00 


Shade. 


05 1 


33 . 72 


43 .95 


10 .23 1 


Sun. 1 


35 1 32 . 88 


42 .55 


.67 


Sun. 


10 ' 


33 .58 


46 .29 


12.71 ' 


Sun. 


40 32 . 74 


44 .80 


12 .06 


Sun. 


15 


33 .44 


46 .64 


13 .20 


Sun. 1 


45 32 . CO 


45 .03 


12 .43 


Sun. 


S ! 


33 .30 


37 .72 


4 .42 


Shade. 


50 1 32 . 46 


36 .70 


4 .24 


Shade. 


33 .16 


35 .06 


1 .90 


Shad& 


55 , 32 . 32 


34 .12 


1 .80 


Shade. 


30 


33 .03 


34 .03 


1 .00 


Shade. 


5 00 32 . 18 
»« = 13066; m — .204 


33 .18 

: m0o — 2o.7fl 


1 .00 ] 

1 


Shade. 


«•- 140.36 


; »n=.206 


; m«o=2o.9^ 


1. 




• 




Sky, clear, 

1 


Wind, f 


k^sh to brisl 


I, decreasing 


• 


Sky, clear. Wind, fresh to gentle. 

i 












Tabl 


E 69. 









[Lone Pine, Aagost 24, 1881. Observer, A. C. D. Actinometer No. 2. Me<liam aperture.] 



Time. 



W^aterther- San ther- ^ r\i4r..<^^^^ i?.,.wv.«^ 
mometer. mometer. I>iff««nce- Exposure. 



Ti- 'Lt:e\^r 'm^oVe^;: ^^ff— ^-^-^' 



First set of observations not t«ken. 



7k 30- A.M. 

35 

40 

45 

50 

55 
8 00 



210. 46 

21 .80 

22 .14 
22 .50 

22 .84 

23 .20 
23 .56 



220.30 
31 .72 

34 .43 

35 .40 
26 .90 
24 .60 
23 .90 



00.84 
9 .92 
12 .29 
12 .90 
4 .06 
1 .40 
.34 



Shade. 

Sun. 

Sun. 

Sun. 

Shadtp. 

Sha<Ie. 

Shade. 



ft>=13o.66; m=(.228) ; fntfo=3o.ll. 
Sky, clear, light smoke on mountains. Wind, light to 
gentle. 



IP 30- A.M. 


310.00 


310. 16 


00.16 


Shade. 


12*00- M. 


310.27 


1 
320.09 


0^82 


; Shade. 


35 


31 .00 


42 .09 


11 .00 


Sun. 


! 05 P. M. 


31 .37 


42 .50 


11 .13 


Sun. 


40 


31 .00 


44 .79 


13 .79 


Sun. 


10 


31 .43 


45 .26 


13 .83 


Sun. 


45 


31 .00 


45 . 51 


14 .51 


Sun. 


15 


31 .50 


46 .00 


14 .50 


Sun. 


56 


81 .10 


36 .75 


4 .65 


Shade. 


20 


.11 .55 


36 .20 


4 .65 


Shade. 


5» 


31 .18 


32 98 


1 .80 


Shade. 


25 


31 .60 


33 .42 


1 .82 


Shade. 


12 00 M 


81 .27 


32 .09 


.82 


Shade. 


30 

1 


31 .60 


32 .56 


.90 


Shade. 



•.= (15o..'>2); fw = .217; m^=3o.37. 

Sky, slightly smoky. Wind, gentle to fresh. 



$»-\5o.Ki; fn— .215; m^= 30.34. 
Sky, slightly smoky. Wind, gentle. 



4»'00-P. M. 320.80 


330.25 


00.45 


Shade. 


, 4* 30- P.M. 32o.2:> . 


33^30 


10.05 


1 
Shade. 


05 32 . 71 


42 .81 10 . 10 


Sun. 


'35 32 . 15 


42 .05 


9 .90 


Sun. 


10 32 .62 


45 .13 12 . 51 


Sun. 


' 40 32 . 06 


44 . 15 1 


12 .09 


Sun. 


15 32 . 52 


45 . 77 I 13 . 25 


Sun. 


45 31 .97 


44 . 49 


12 .52 


San. 


20 >2 .43 


36 .88 


4 .45 


Shade. 


50 31 .88 


36 .07 


4 .19 


Shade. 


25 S2.34 


34 .25 


1 .91 


Shade. 


55 31 .79 


33 .60 ' 


1 .81 


, Shade. 


30 32 .25 


33 .30 


1 .05 


Shade. 


5 00 » 31 . 70 
99 130.77: m — .205: 


32 . 70 
in«o"2o.82. 


1 .00 


Shade. 

1 


••^^ 140.24 : mrr..203 


: m«i:^2o.89. 




Sky, light base or so 


Qoke. AVind, brisk, yarl 


able. 


Sky, light haze. Wind, brisk. 
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Table 70. 

[Lone Pino, Aiignst 2r>, 1881. Observer, A.C. D. Actinometer No. 2. Medium aperture.] 



t:™« Water ther 


1 

! Sun ther- 
, mometer. 


DilTerence. 


Exposure. 


Time. 

1 


Water ther- Sun ther- ' tii«^»«««- 
mometer. j mometer. ' •DJff«"^nce. 


1 

Exposure. 1 

1 
1 


7'00-A.M.' 


163. 35 


1 

lep. 53 


00.18 


Shade. 


7»«30- A, M, 




180. 10 I80. 50 


00.40 


Shade. 


05 


16 .64 


2.5 .70 


.06 


Sun. 


35 




18 . 46 28 . 28 


9 .82 


Sun. 


10 


16 . 9.1 


1 28 . 58 1 


11 .65 


Sun. 


40 




18.80 31.20 


12 .40 


Sun. 


15 1 


17 .22 


' 20 . 90 ' 


12 . 68 


Sun. 


45 




19.16 32.43 


13 .27 


Sun. 


20 i 


17 .50 


^ 21 .50 


4 .00 


Shade. 


! ^ 




19 . 51 1 23 . 70 


4 .19 


Sha<le. 


25 1 


17 .80 


j 19 . 15 , 


1 .35 


Shade. 


55 




19 . H6 21 . 20 


1 .34 


Shade. 


30 


18 .10 


' 18 . 50 

1 \ 


.40 


Shade. 


. 8 00 




20 . 22 20 . 52 


.30 


Shade. 


#0=130.00: 


wi = (.227 


I : OT<»o=r2o.95. 


flo= 130.75: 


m=(.233): fn«o=3o.20. 




Sky, clear 


; slight ha7.o on mountains. Wind. calm. 

_ _ __ _ _ _ -^ — — — . 

280. 74 280. 93 i 0°. 19 | Shade. 


Sky, cle 
; 12''00'»M. 


ar 


; slight haze on mountains. Wind 


., calm. 
Shade. 


ll^SO- A.M. 




280.80 


200. 72 , 00. 02 


35 


28 .74 


' 39 . 99 1 


11 .25 


Sun. 


05 P.M.' 


28 .90 


40 .32 . .11 .42 


Sun. 


40 ; 


28 .74 


42 . 97 ; 


14 .2;{ 


Sun. 


10 


29 .00 


43 . 04 14 . 04 


Snn. 


45 


28 .74 


, 43 . 68 1 


14 . 94 


Sun. 


15 


29 . 05 1 43 . 83 > 14 . 78 


Sun. 


50 


2H . 7.-» 


33 ..")5 1 


4 .80 


Shade. 


20 


29.19 33.85 ' 4.66 


Shade. 


65 


28 .79 


1 30 . 72 1 


1 .93 


Shade. 


25 


20 . 30 31 . 12 1 . 82 


Shade. 


12 00 M. , 
tfo^lSo.DB; 


28 .80 
m=.214: 


1 29 . 72 ; 
«i«o=3o.42. 


.92 1 


Shade. 


, 30 


t2: 


29.40 30.26 | 0.86 


Shade. 


•o^Wo.fi 


fn=.218; m#o=r30.45. 




Sky, clear 


. Wind. 


fresh. 






Sky, clear. 


Wind, gentle to fresh. 




4«'00»P. M. 


31°. 61 


320. 00 


0^39 


Shade. 


. 4»'30-P.M. 




310. 32 1 320.21 00.89 


Shade. 


05 


31 .56 


• 41 . 51 


9 . 95 


Sun. 


35 




31 . 27 40 . 75 9 . 48 


Sun. 


10 


31 .52 


(43 .XI) 


(12 . 30) 


Sun. 


40 




31 . 22 42 . 90 1 11 . 68 


San. 


15 


31 .46 


44 .16 


12 . 70 ' 


Sun. 


45 




31 . 17 43 . 45 ! 12 . 28 


Sun. 


20 


31 .42 


35 .60 


4 .18 


Shadt). 


50 




31 . 12 I 35 . 25 4 . 13 


Shade. 


25 


31 . :i7 


33 . 09 


1 .72 , 


Shade. 


55 




31 . 07 1 82 . 81 1 1 . 74 


Shaiie. 


30 1 

1 


31 .32 


32 . 21 , 

1 


. 89 


Sha<le. 


5 00 




31 . 02 < 31 . 95 1 . 03 

! I 


Shade. 


#0= 13^.71; 


m=.209; 


wi«o=2o.87. 


ao= 130.35 : 


m=.206; mtfo=2o.75. 




Sky, clear 


; haze on 


mountains. 


Wind, genti 


le to ^esh. 


Sky, clear 


; haze on monntains. Wind, gentle to fresh. 










Tabi 


.E 71. 













[Lone Pine, Augunt 27, 1881. Observer, A. C. D. Actinometor No. 2. Medium aperture.] 



Time. 



.Water ther- Sun ther- 
nioniet^T. mometer. 



7*00- A. M, 
05 
10 
15 
20 

25 I 

30 I 



16^.44 
16 .50 
16 .56 
10 .64 
16 .72 
16 .81 
16 .90 



103. 5e 
25 . 45 
28 . 07 
28 .h5 
20 .73 
18 .30 
17 .43 



Difference. 



00.12 
8 .95 

11 .51 

12 .21 
4 .01 
1 .49 
.53 



Exposure. 



Sha<le. 

Sun. 

Sun. 

Sun. 

Shade. 



I Shade. 
, Shade. 



ft,= 12o.76; »i = .220: 7nft,= 2^.81. 

Sky, clear; dens4> hare on mountains. 'Wind, gentle to 
very brisk. 



Time. 



jWaterther-' Sun ther- 
i mometer. ' mometer. 






7»'30«"A.M. ' 

35 ! 
40 
45 

50 I 

55 I 

8 00 i 



160.90 
17 .00 
17 .11 
17 .28 
17 .36 
17 .51 
17 .70 



17 .43 
26 .61 

20 .48 
30 ..50 

21 .58 

18 .99 
18 .15 



fferencc 


1 
1 
>. 1 Exposure. 


00. .53 

.61 

12 .37 

13 .27 
4 .22 

1 .48 
.45 


1 Shade. 
1 Sun. 
> Sun. 
! Sun. 
' Shade. 
< Shade. 
, Shade. 


— .. — — 


I 



tfo=135.80: m=(.223): m*o=:3o.08. 

Sky, clear; haze on mountains. Wind, gtntle to very j 
brisk. I 






11»«30«A. 


M. 


260. 25 


26^. 25 


1 

' 0^.00 


Shade. 


12«»00« 


M. 


270.40 


1 

. 280. 08 


00.68 


' Shade. 


35 




26 .44 


37 .62 


1 11 .18 


Sun. 


0.5 


P.M. 


27 . .59 


> 38 . 03 , 


11 .34 


1 Sun. 


40 


1 


26 . Ki 


40 .77 


! 14 . 14 


Sun. 


10 




27 .76 


! 41 . 93 


14 .17 


, Sun. 


45 


1 


26 . Hii 


41 ..58 


14 . 72 


Sun. 


15 




27 . 92 


42 . 83 . 


14 .91 


! Sun. 


50 


i 


27 . 02 


31 .68 


; 4 .60 


Shade. 


20 




28 .07 


(32.7) 


( 4 .6 ) 


. Shade. 


.55 




27 . 21 


28 .W) 


' 1 .68 


Shailt*. 


25 




28 .19 


29 .93 


1 .74 


> Shade. 


12 00 M. 




27 .40 


28 .08 


1 .68 


Shade. 


30 

1 _ . . . 




28 .30 


, 29.03 ; 


.73 


1 Shade. 



00=150.45: m=.223: m0o=3^.4.5. 
Sky, light haze. Wind, light. 



00=150.77; »/i = .224: »w0o-3o.53. 
Sky. light haze. Wind, light. 



4^00" P. M. 
05 
10 
15 
20 
25 
30 



300.87 
30 .76 
30 .65 
30 .54 
30 .44 
30 .33 
30 .22 



3P. 17 
40 .70 
43 . 10 
43 .43 
34 . 02 
32 . 05 
31 .20 



0-. 30 
9 . 1)4 
12 . 4.5 
12 . SO 
4 .18 
I .72 
.98 



Shade. 
Sun. 
Sun. 
Snn. 
Sliiule. 
Shade. 
' Shade. 



4»'30«' P. M. 
1 3.5 
40 
i 45 
I 50 
I 55 
< 5 00 



300.22 
30 .10 
29 . 99 
29 .85 
29 . 69 
29 .50 
29 .28 



3r. 20 
39 .65 

41 .74 

42 . 10 
33 . 75 
31 .28 
30 .20 



00.98 
9 .55 

11 .75 

12 .25 
4 .06 
1 .78 
1 .01 



Shade. 

Sun. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



0k=13o.84; m=.208: m0o=2o.88. 
Sky, light haze. Wind. light. 



0o=:--13o.41 ; m=.204; m0o=2o.74. 
Sky, light haze. Wind, Ught. 
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Table 72. 

[LonePine, Auga8t28, 1881. Observer, A. C. D. Actinometer No. 2. Mediam apertare.] 



Time. 



T^OO- A. M. 
05 
10 
15 
20 
25 
80 



Water ther- 
mometer. 



mnliiir Difference. Expoaare. li Time. 



mometer. 



Water ther-; Sun ther- 
mometer. 



130.60 

13 .84 

14 .07 
14 .31 
14 .54 

14 .78 

15 .00 



130.68 
22 .75 

25 .88 

26 .80 
18 .62 
16 .19 
15 .49 



00.08 
8 .91 

11 .81 

12 .49 
4 .08 
1 .41 
.49 



Shade. 

^un. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



^=120.94; m=.224; m^=2o.90. 

Sic/, clear, haze on mountaiuH. Wind, calm to light. 



11^30- A. M. 

35 

40 

45 

50 

55 
12 00 M. 



290.03 
29 .04 
29 .04 
29 .05 
29 .06 
29 .07 
29 .08 



280.85 
39 .86 

42 . 77 

43 .50 
33 .64 
30 .81 
29 .92 



- 00.18 
M 10 .82 

13 .73 

14 .45 
4 .58 
1 .74 
.84 



Shade. 

Sun. 

Sun. 

Sun. 

Shnde. 

Shade. 

Shade. 



^=150.11; m=.216; m ^=30.26. 

Sky, clear, light haze on horizon. Wind, gentle to freah. 



7*30" A.M. 

35 

40 

45 

50 

55 
8 00 



150.00 
15 .26 
15 .51 

15 .76 

16 .01 
16 .26 
16 .51 



mometer. 


A^inoreuce. 


150.49 


00.49 


25 .22 


9 .96 


28 .00 


12 .49 


29.10 


13 .34 


20 .21 


4 .20 


17 .76 


1 .50 


17 .00 


.49 



I Shade. 
! Sun. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



#0=130.07; w = (.223); m«o=3o.l2. 

Sky, clear, haze on mountains. Wind, calm to light. 



12^00" M. 



05 
10 
15 
20 
25 
30 



P.M. 



290. 08 
29 .10 
29 .12 
29 .15 
29 .18 
29 .21 
29 .25 



290.92 
40 .00 

42 .54 

43 .11 
33 .54 
30 .88 
29 .92 



00.84 

10 .90 

13 .42 

13 .96 

4 .36 

1 .67 

.67 



Shade. 

Sun. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



#•=140.95; »n = .224; m 00=30.35. 

Sky, clear, light haze on horizon. Wind, light to freah. 



No afternoon obaervations. 



Table 73. 

[Lone Pine, August 29, 1881. Observer, A. C. D. Actinometer No. 2. Medium aperture."] 



I 



Time. 



7*00- A. M. 
05 
10 
15 
20 
25 
30 



Water ther- 
mometer. 



130. 70 
14 .07 
14 .44 

14 .82 

15 .20 
15 .56 
15 .95 



Sun ther- 
mometer. 



130.70 
22 .79 
25 .85 
27 .03 
19 .05 
16 .90 
16 .80 



Difference. 



00.00 
8 .72 

11 .41 

12 .21 
3 .85 
1 .34 
.35 



Exposure. 



Shade. 

Sun. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



#0=120.52; m= (.224); m#o=2o.80. 

Sky, perceptible haze. Wind, calm to very light 



11*30- A.M. 


1 

280.60 


280.80 


00.20 


Shade. 


85 


28 . 61 1 


30 .69 


11 .08 


Sun. 


40 


28 .62 


42 .36 


13 .74 


Sun. 


45 


28 .61 


43 .00 


14 .39 


Sun. 


50 


28 .60 


83 .25 


4 .65 


Shade. 


65 


28 .58 ! 


30 .45 


1 .87 


Shade. 


12 00 


28 .54 

1 


29 .47 


.93 


Shade. 



Time. 



Water thor- Sun ther- 
mometer. I mometer. 



7*.30- A.M. 

35 

40 

45 

50 

55 
8 00 



150.95 
16 .34 

16 .74 

17 .15 
17 .55 

17 .95 

18 .35 



160.30 
25 .81 
28 .77 
30 .01 
21 .55 
19 .20 
18 .50 



Difference. 



00.35 

.47 
12 .03 
12 .86 

4 .00 

1 .25 
.24 



Exposure. 



Sh^de. 

San. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



#0 = 130.27; m = (.236); m#o=3o.l3. 

Sky, perceptible haze. Wind, calm to very light 



12*00- M. 


280.54 


290.47 


05 P.M. 


28 .50 


89 .45 


10 


28 .50 


42 .12 


15 


28 .52 


42 .74 


20 


28 .60 


33 .21 


25 


28 .70 


30 .60 


30 


28 .82 


29.75 



00.93 

10 .95 

13 .62 

14 .22 
4 .61 
1 .90 
.98 



Shade. 

Sun. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



#0=150.81; m = .212; m#D=3o.25. 
Sky, clear. Wind, fresh. 



#0=150.35; m=.2l2: m#o=3o.25. 
Sky, clear. Wind, fresh. 



4*00- P.M. 


290.70 


303.00 


00.30 


: Shade. 


4*30- P.M. 


290.57 


05 


29 .60 


37 .81 


8 .12 


1 Sun. 


35 


29 .53 


10 


29 .68 


40 .20 


10 .52 


! Sun. 


« 


29.51 


15 


29 .67 


40 . 52 


10 .85 


Sun. 


1 45 


29 .50 


20 


29 .64 


3:1 .31 


8 .67 


; Shade. 


50 


29 .50 


25 


20 .60 


31 .14 


1 .r>4 


Shade. 


55 


29 .50 


30 


29.57 


30 .38 


.81 


1 Shade. 

1 


5 00 


29 .50 



300.38 
36 .97 

38 .86 

39 .30 
32 .82 
30 .90 
30 .26 



00.81 


Shade. 


7.44 


Son. 


9 .35 


San. 


9 .80 


Sun. 


8 .82 


Shade. 


1 .40 


Shade. 


.76 


Shade. 



#0=110.67: m».204: m#o=2o.38. 
Sky, smoke fh>m fire in cafttm intervening. Wind, fresh 
to brisk, variable. 



#0=100.67; m = .204; m #0=20.18. 
Sky, smoke from fire in cafion intervening. Wind, freah 
to brisk, variable. 
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Table 74. 








[I-ione Pino, Aagnst 30, 1881. Observer, A. C. 


D. Actinometer No. 2. Medium aperture.] 




' 1 
TitnA , Water ther- Sun thei- 

1 


1 

Difference. Exposure. 

1 


1 
T5»»« Water ther- 
^*™®- niometer. 


Si^fteT °"^™ 


1 
. Exi>osnre. ■ 

1 1 

1 1 


7*00- A.M. 16°. 92 


170.00 


• 1 - - , 
0^. 08 Shade. ' 


7*30- A.M. 18^.08 


18°. 50 1 Oo. 42 


1 

' Shade. | 


05 


17 .09 


25 .42 


8 .33 Sun. 


35 18 . 28 


27 . 78 9 . 50 


Sun. 1 


10 


17 .28 


28 .40 


11 .12 Sun. ' 


40 18.49 30.61 12.12 


Sun. 1 


15 


17 .50 


29 .36 


11 .86 1 Sun. 


45 12 .T2 1 31 .72 13 .00 


< Sun. 1 


20 


17 .68 


21 .41 


3 . 73 Shade. 


50 1 18.98 23.12 4.14 


Shailo. 


25 


17.88 19.10 


1 .22 Shade. ' 


55 19 .24 20 .60 1 .36 


Shade. 


30 


18 . 08 ; 18 . 50 

i 


. 42 Shade. 

1 
1 

1 

1 


8 00 1 19.54 

1 

tf»=130.46: m=(.229) 


10 . 82 . 28 


Shade. 


«»^12^.16; m=.230; »n^^2o.80. 


; m«o=:3o.08. 


1 


Sky, light smoke. Wind, fresh. 

1 


1 


Sky, light smoke. Wind, fresh. 

1 » 

12*00" M. 1 280.74 29°. 40 ' 0.66 


1 


11*30" A.M. 27°. 69 


27°. 69 


0*^.03 1 Shaile. 


1 Sha4le. ' 


35 27 .88 


38 .18 


10 . 30 ' Suu. 


05 P. M., 28 .79 39 .50 10 .71 


Sun. 


40 28 .07 


41 .10 


13 . 03 ■ Sun. 


10 1 28 . 80 42 . 28 13 . 48 


Sun. 


1 45 28 . 25 


42 . 05 


13 . 80 1 Sun. 


15 28 . 80 ' 43 . 02 14 . 22 


1 Sun. 


1 50 , 28 . 43 


32 .83 


4 .40 Shade. 


20 28.80>33.35' 4. 55 


SbMlew 


55 28 . 60 


30 .18 


1 .58 Shaile. 


25 , 28 . 80 1 30 . 56 1 . 76 


Shade. 


12 00 M. 1 28 . 74 


29.40 


. 66 1 Sluule. 

1 


30 28 .80 29 .56 .06 

1 I 


Shade. 

1 


tf.»=14o.39 ; inr=.221 ; m»»=3°.18. 




^-150.07 ; m -.221 ; m*«r=3o.33. 


1 


Sky, slightly smoky, a few cirri. 


Wind, calm to light. 


' Sky, slightly smoky, a few cirri. Wind, gentle to fresh. ! 


4*00- P. M. 


■ 

28P. 66 1 29°. 02 


1 
00.36 , Shade. 


4*30- P. M.i 28°. 23 29°. 14 1 O^.Ol 


1 
Shade. 


05 


28 .59 ' 37 .50 


8 .91 ' Sun. 


35 28.15 1 36.56 8.41 


Sun. 


10 


28 .52 39 . 80 


11 .28 1 Sun. 


40 28 . 08 38 . 25 10 . 17 


Sun. 


15 ' 28 . U i 40 . 16 


11 .72 Sun. 


45 28 . 00 38 . 53 10 . 53 


Sun. 


20 


28 . 37 , 32 . 42 


4 . 05 Shade. 


50 


27 . 93 31 . 52 1 3 . 50 


; Shade. 


25 


28 . 30 


30 .00 


1 .70 1 Shade. 


55 


27 .86 1 29 .40 1 .54 


Shade. 


30 1 28 . 23 

i 


29.14 


. 01 • Shade. 

t 

1 


5 00 


27 . 78 . 28 . 60 1 . 82 


Shaile. 


^=120.66: w^.202; in99=29M. 




»r^ll".63; m=.205; f»«.=2o.38. 




Sky, smoke from Are iu cafkon lei 


ss dense tlian on prcvi- 


Sky, smoke ft'om forest Are less dense than 


on previous 


ous afternoon. Wind, fresh. 




afternoon. Wind, fresh to gentle. 





Table 75. 

[Lone Pine, August 31, 1881. Observer, A. C. D. Actinometer No. 2. Medium aperture.] 



Time. 



Water ther- Sun ther- 
i mometer. i mometer. 



Difference. Exposure. 



Time. 



7*00- A.M. 
05 
10 
15 
20 
25 
30 



13°. 36 
13 .62 

13 .87 

14 .12 
14 .38 
14 .64 
14 .90 



130.37 
22 .40 

25 . 30 

26 .45 
18 .30 
16 .10 
15 .41 



00.01 
8 .78 

11 .43 

12 .33 
3 .92 
1 .46 
.51 



I 



Shade. 

Sun. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



09=^12^.69; M=.222; tn9v=29.92. 

Sky, light smoke. Wind, calm or nearly so. 



I 



11*30" A. M. 

35 

40 

45 

50 

56 
12 00 M. , 



280.50 
28 .55 
28 .61 
28 .67 
28 .73 
28 .78 
28 .84 



280.65 
39 .65 

42 .41 

43 .22 
33 .42 
30 .64 
29 .70 



I 



00.15 
11 .10 

13 .80 

14 . 55 
4 .69 
1 .86 
.86 



: Shade. 

Sun. 

Sun. 
I Sun. 
' Shaile. 

Shaile. 
I Shade. 



•0=150.39 : f«^.214; 
Sky, slightly smoky. 


m««t^o.29. 
Wind, genth 


4*00" P.M. 
05 
10 
15 
20 
25 
30 


290. 85 
29 .76 
29 .68 
29 .60 
29 .52 
29 .44 
29.37 


30O. 11 
39 .27 
41 . .W 
41 .90 
33 .56 
31 .16 
30 .30 




<^13o.2 
Sky, slii 


3; m=.206; 
{htly smoky. 


»M«»=2o.73. 
Wind, f^i 


ih. 



0^\26 

. 51 

11 .84 

12 .30 
4 .04 

1 .72 
.93 



Shade. 
I Sun. 
I Sun. 
i Sun. 

Shade. 
I Shade, 
i Shade. 
I 



Water ther- Snn ther- n;iro.,^..„„ v^^^^..w^ 
mometer. ' mometer. i difference. Exposure. 



7*30" A.M. 


140.90 


150.41 


t 

00.51 


Shade. 


35 


15 .19 


24 .83 


.64 


Sun. 


40 


15 .51 


28 .00 


12 .49 


Suu. 


45 


15 .84 1 


29 .10 


13 .26 


' Suu. 


50 


16 .16 


20 .37 


4 .21 


1 Shade. 


55 


16 .48 i 


17 .90 


' 1 .42 


Shade. 


8 00 


16 .82 


17 .21 


.39 

1 


I Shaiie. 



tfr=13o.80 : m=(.227) : tfi«o==3o.l3. 

Sky, light smoke. Wind, calm or nearly so. 



12'' 00" M. 



05 
10 
15 
20 
25 
30 



P.M. 



280.84 
28 .90 

28 .96 

29 .01 
29 .07 
29 .12 
29 .18 



290.70 
40 .19 

42 .85 

43 .65 
33 .76 
30 .96 
30 .05 



00.86 
11 .29 

13 .89 

14 .64 
4 .69 
1 .84 
.87 



Shade. 

Sun. 

Sun. 

Snn. 

Shade. 

Shade. 

Shade. 



«a=15^68: m— .216 ; m«ar--3o.39. 

Sky, slightly smoky. Wind, gentle to n-esh. 



4*30- P.M. 

35 

40 

45 

50 

55 
5 00 



290.37 
20 .31 
29 .26 
29 .20 
29 .16 
29 .11 
29 .07 



.300. 30 
38 .33 
40 .41 
40 .79 
33 .03 
30 .76 
29 .91 



0^.93 

9 .02 

15 

11 .56 

3 .87 

.65 

.84 



11 



1 




Shade. 

Sun. 

Sun. 

Sun. 

Sha<le. 

Shade. 

Shade. 



»t=12^.65 : m- .207 ; m0o =2o.62. 

Sky, slightly smoky. Wind, light to fVesh. 
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Table 76. 



[Lone Pine, September 5, 1881. Ob«<*rvi»r, A- C. D. Actinometer No. 2. Ifediam aportare.] 



Time. 



mometer. momeU-r. I>iff«r^°c«- Exposure. 



7*00- A. M. 


1 
200.10 


20^.10 


Oo.OO 


Shade. 


05 


20 .38 1 


29 .36 , 


8 .98 


Siin. 


10 


20 .69 


32 .27 ' 


11 .58 


Sun. 


15 


21 .00 


L'3 .30 


12 .30 


Sun. 


20 


21 .30 


25 . 24 


3 .94 


: Shade. 


25 


21 .62 


22 .90 


1 .28 


Shade*. 


30 


21 . 92 


22 .20 


.34 


Shade. 




_ . _ . _ 










Time. 



i Water ther Sun ther- Difference. Exposure. 
< mometer. i niorootcr. ^*^^^^"^^- -"^Kvouto. 



7h30" A.M. 

35 

40 

i'y 

50 

55 
8 00 



2P.92 
22 . 22 
22 . 50 

22 .79 

23 .06 
23 .32 
23 .56 



_ I . 



22^.26 
31 .80 

34 .70 

35 .70 
27 .18 
24 .80 
24 . 02 



00.34 
9 .58 
12 .20 
12 .91 
4 .12 
1 .48 
46 



, Shade. 

Sun. 

Sun. 

Sun. 
' Shade. 

Shade. 

Shade. 



flo=12-.68: f» = (.229); tn««=2".90. 

Sky, clear, li^bt smoke on iiiouutains. Wind, );eutle to 
brisk. 



fl.. — 13^.50; »H — (.221); »nft» — 2^.98. 
Sky, clear, lighl ftmoke on mountains. Wind, gentle to 
fresh. 



11*30- 


A. 


M. 


35^^.16 


35^. 19 


00.03 


Sliade. 


rj^oo- 


M. 


34-^. 88 


35^ . 90 


10.04 


Shade. 


35 






35 .12 


40 . 12 


11 .00 


Shu. 


05 


P.M. 


34 .82 


46 . 22 


11 .40 


Sun. 


40 






35 .07 


49 .00 


1 13 .03 


Sun. 


10 




34 .79 


48 .90 


. 14.11 


Sun. 


45 






35 .01 


49 .72 


14 .71 


Sun. 


15 




34 .77 


49 .60 


14 .83 


. Sun. 


50 






34 .97 


39 .70 


i 4 . 73 


Shade. 


20 




34 .77 


39 .49 


4 .72 


Shade. 


55 






34 .91 


36 .88 


1 .97 


Shade. 


25 




34 . 78 


36 .63 


1 .85 


Shade. 


12 00 






34 .86 


35 . 90 


1 .04 


Shade. 


30 

1 




34 .78 


35 .66 


.88 


, ShMlo. 

1 



^=150.75; m = .210; mtfo— 3^31. 
Sky, clear. Wind, lijsht. 



^ = 15^.92: mr=.217; wi«o = 3^.46. 
Sky. clear. Wind, light. 



4* 00- P.M. 340.90 




3.50.50 


00.60 


Shade. 


4»'30- P. 


M. 


34 -. 06 


1 


35->. 20 


1 


10.14 


Shade. 


05 


34 .76 




44 . 72 


9 .96 


Sun. 


35 




33 .92 




42 . 85 




8 .93 


Sun. 1 


10 


34 . 62 




46 .82 


12 .20 


Sun. 


40 




33 .78 




45 .10 




11 .32 


Sun. 


15 


' 34 .48 




47 . 20 


12 . 72 


Sun. 


45 


1 


33 .64 




45 .40 




11 .76 


Sun. 


20 


34 .34 




38 .72 


4 .38 


Shade. 


50 




33 .50 




37 . 62 




4 .12 


ShMle. 


25 


34 .20 




36 .20 


2 .00 


Sha<l»'. 


55 




:» . 36 




35 . 20 




1 .84 


Shade. 


30 


34 .06 


97: 


35 .20 


1 .14 


Shade. 


5 00 


1 
1^0.97 


33 . 22 
: m = .l98: 


34 .22 
m$it — 20 


.57. 


1 .00 


Shade. 

1 


0n = 


130.93 ; m^.l 






Sky, 


clear. Wind, 


calm. 






Sky. 


clear. 


Wind. 


calm. 









Table 77. 

Summary of Lone Pine actinometer observations, 

(The method pursued in deducing the corrected from the uncorrected observations is explained in the next chapter.) 

llustrument, small actinometer, No. 2.] 



I 



Dnratitm of 

experiment, 

7«'00"to7»'30». 



Duration of 

ex|»erinient. 

7* 30- to 8'' 00- 



I)ato. 



IS 



^ 



4 



I 



1881. Cat. 

Aug. 18 1.177 



19. 
20. 
21. 
22. 
23. 
24. 
25. 



1.153 
1.233 
1.193 
1.165 
1.177 



1.201 

27 1.143 

28 I.IW) 

29 1.141 

30 1.139 

31 1.14H 

Sept. 5 1.1H2 



Col. 
1.448 
1.418 I 
1.517 I 
1.467 , 
1.4;i3 I 
1.44H 

n.u\) 

1.477 ' 

1.406 

1. 451 

1.403 

1.401 

1.412 

1.454 






Cal 
1.2.55 
1.248 
1.337 
1. 312 
1. 269 
1. 252 
1. 2«« 
1.304 
1. 253 
1.269 
1. 275 
1.254 
1. 278 
1.214 



Duration of ' Duration of 

experiment, experiment. 

ll* 30- to 12* 00-. 12* 00- to 12* 30-. 



Duration of 

experiuirnt, 

4* 00- to 4* 30-. 



it 



Cal. 

1. 551 

1.541 

1.651 

1.619 

lr567 

1.545 

1.566 

1.610 

1.546 

1.567 

1. ,575 

1.547 

1.578 

1.49r( 






a * 



Cal 

1.330 

1.345 

1.3.18 

1.390 

1.37H 

1.406 

1.371 

1. 392 

I 403 

1.329 

1. :<21 

1.294 

1.341 

1.347 



SI 

I! * 
t > 

'Si 



Cal. 

1.663 

1.6H2 

1.674 

1. 7;t8 

1.724 

1. 7 -.9 

1.714 

1.740 

1.7.-4 

1.662 

1. 6.-)2 

i.ei7 

1.677 
l.Cri5 



IS 



Cal 

1.349 

1.362 

1.374 

1.336 

1. 369 

1.409 

1..TV9 

1. 405 

1. 438 

1.363 

1. 324 

1. 3.'i6 

1.379 

1.407 



o S 



E 



Cal 
1.6K7 
1.703 
1.717 
1.672 ' 
1. 712 
1.762 , 
1.700 j 
1.758 , 
1.799 
1.704 . 
1. 655 < 
1.697 
1. 725 
1.760 



11 

c u 

° 5 
t--5 



Cal 
1. 155 
1. 1K2 
1.170 
1.119 
1.119 
1.199 
1.177 

i.l72 



.a 
c 

rs 



% 
a 

3 



9 «l 



o 
U 



9 
C 



Duration of 

experiment, 

4* 30- to 5* 00-. 



o L 




a 

o le 

3 

a 

CO 



1. 
1. 



110 

118 



Cal 

1. 427 

1.459 

1.445 

1. 3S2 

1.382 

1.481 

1. 454 

(1.423y 

1.447 

(1.423) 

(1.42.1) 

(1.423) 

1.371 

1.3^1 



Cal 

1. 081 

1.141 

1.132 

1.061 

1.075 

1.134 

1.149 

1.119 

1.114 



1.066 
1.046 



Cal ; 
1.329 I 
1.403 I 
1.392 
1.305 
1.323 
1.394 
1.414 
1.377 
1.360 
(1. 355) 
(1.355) 
(1.355) 
1. 312 
1.288 



9.105 
9.206 
9.390 
9.183 
9.241 
9.389 
9.294 
9.385 
9.321 
9.162 
9.063 
9.040 
9.075 
9. 666 



I 



Mean 



1.172 1.441: 1.271 1.571 1.356 1.696 1.374 1. 71H 1.152 1.423 1.102 1.355 



I 



7* 00- to 7* 30- 7* 30- to 8* 00- 11^30- to 12* 00- 12*00- to 12*30- 



Mean time of exposure to sun. 

Sun's mean hour angle 

Sun's mean zenith distance. . . 



Air mass 



7* 08- a. m. 
4*54- 

70O M' 

19.76 



7* 38- a. m. 
4* 24"* 
64-33' 

15.38 



11* 38- a. m. 
0* 24- 
26^38' 

7.I2 



12* 08- p. m. 
0*06"« 
26^07' 



4* 00- to 4* 30- • 4* 30- to 5*00- 



4* 08- p. m. 
4*06- 
60O58' 



7.39 




4*38-p.m. ' 
4*JI6» 
660 56^ 



ie.84 
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Table 78. 

[Moantain Camp, August 21, 1881. Observer, J. J. Nanry. Actinometer Ka 3. Medium aperture. I 



Time. 



IWatertber-' Sun tber- tmot'^^^^^ ! v^^^^^^ 
mometer. 1 mometer. ^'^^^^^' ' J-^xposare. 



Time. 



Water ther- Son ther- 
mometer. ' mometer. 



7^ a. m. Sun hid by high cliffs oo the east until the time for 
second series. 



7*42" 


A. M. 


47 




52 




57 




8 02 




07 




12 





150.00 

15 .00 
15 .00 
14 .98 
14 .96 
14 .94 
14 .98 



(15°. 9) 
(28 . 7) 
(29 .8) 
(30 . 5) 
(20 . 0) 
(16 . 9) 
(15 . 9) 



Difference. 



(0^.9) 

(11.7) 

(14 . 8) 

(15 .5) 

(5 .0) 

(2 .0) 

(0 .9) 



Exposure. 



Shade. 

Siin. 

Sun. 

Sao. 

Shade. 

Shade. 

Shade. 



tfo= 160.58; m=.215; mtfo=3o.57. 
Sky, clear. Wind, calm. 



11* 30* a. m. 
less. 



Instrument not a^usted. Obser^'atioD8 worth- 



4*00" P.M. 
05 
10 
15 
20 
25 
80 



210.22 
21 .02 
20 .88 
20 .74 
20 .56 
20 .44 
20 .31 



I 



210. 26 
31 .53 
34 .22 
34 .84 
25 . 52 
22 .40 
21 .18 



«D= 140.97: »ii=.205: f»«o=3o.07. 
Sky, clear. Wind, fresh. 



00.04 
10 .51 

13 .34 

14 .10 
4 .96 
t .96 
.87 



12M0-P. M. 
15 
20 
25 
30 
35 
40 



210.90 

21 .98 

22 .00 
22 .02 
22 .04 
22 . 02 
22 .00 



220.32 
34 .23 

37 .48 

38 .16 
27 .12 
23 .71 

(22 .63) 



00.42 
12 .25 

15 .48 

16 .14 
5 .08 
1 .09 

(0 .63) 



Shade. 

Sun. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



flo=16o.96; TO = .231; W#o=3o.92. 
Sky, clear ; Wind, ciilm. 






! Shada 
Son. 
811 II. 
Sun. 
Shade. 
Shade. 
Shade. 



4*30- P.M.' 

33 ' 

40 

45 

50 

65 
5 00 



200.31 
20 .11 
19 .98 
19 .81 
19 .66 
19 .53 
19 .37 



210. 18 
30 .13 

32 .71 

33 .24 
24 .22 
21 .36 
20 .31 



00.87 
10 .02 

12 .73 

13 .43 
4 .56 
1 .83 
.94 



Shade. 

Sun. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



(fe= 140.45 : m -.207; tntfo=2o.99. 
Sky, clear. Wind, A«sh, variable. 



Table 79. 

[Mountain Camp, August 22, 1881. Observer, J. J. N. Actinometer No. 3. Medium aperture.] 



Ti«*. Water ther- Sun ther- ' n««. .^^-^ ' v .,« 

T*"®- I mometer. mometer. , difference. Exposure. 



7* a. m. Sun hidden by cliffs. 



11*30" A. M. 

35 

40 

45 

50 

55 
12 00 M. 



210.80 
21 .90 

21 .95 

22 .00 
22 .00 
21 .99 
21 .95 



230.98 
33 .98 

36 .63 

37 .31 
26 .78 
23 .63 



2o. 18 
12 .08 

14 .68 

15 .31 
4 .78 
1 .64 
.57 



Shade. 

\ Sun. 

Sun. 
I Sun. 
I Shade. 
; Shade. 

Shade. 



^=(160.35); m = .2.13: »n««^3o.81. 
Sky, clear. Wind, fresh, variable. 



4*00- P. M. ! 
05 
10 
15 
20 
25 
30 



210. 07 
20 .91 
20 . 76 
20 .59 
20 .44 
20 .28 
20 . 13 



21 o. 73 
31 ..52 
34 . 13 
34 .70 
25 .30 

22 .20 
21 .06 



00.66 

10 .61 

J3 .37 

14 .11 

4 .86 

1 .92 

.93 



Shade. 

Sun. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



I 



- I 



«D = li>o.l4; w — .207; meo-T.n. 
Sky, clear. Wind, fresh, variable. 



Time. ?'^*tr> 2."li'!«r Difference. ' Exposure. 



mometer. : mometer. 



7* 42- a. m. Instrument not adjusted. Observations worth- 
less. 



12*00-M. 
05 P.M. 
10 
15 
20 
25 
30 



210. 95 
21 .96 
21 .97 
21 .97 
21 .96 
21 .94 
21 .90 



I 



220.52 
33 .53 

36 .49 

37 .12 
26 .66 
23 . 56 
22 .53 



00.57 
11 .57 

14 .52 

15 .15 
4 .70 
1 .62 
.63 



Shada 

Sun. 
i Sun. 
I Sun. 
' Shade. 
I Shade. 
' Shade. 



^0=1.50.98; m = .230; intfo=3o.68. 
Sky. clear. Wind, fresh, variable. 






4*30- P.M. 

35 

40 

45 

50 

55 
5 00 



20^ 13 
19 .97 
19 .82 
19 .66 
19 .50 
19 .34 
19 .18 



210.06 
30 .31 
32 .50 
32 .85 
24 .10 
21 .16 
20 .04 



00.93 
10 .34 

12 .68 

13 .19 
4 .60 
1 .82 
.86 



fti = 140.40; w— .208; ni^ = 80.00. 
Sky, clear. Wind, fresh, variable. 



Shade. 

Sun. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 
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Table 80. 

fU oaotain Camp, Angnst 23, 1881. Observer, J. J. If . Actloometer No. 3. Hediam aperture.] 



Time. 


. Water ther- 
monieter. 


Sun ther- 
mometer. 


Difference. 


Expomire. 

1 1 


Time. 


Water ther- 
mometer. 


Sun thor- 
1 mometer- 

1 


1 

Difference. 


Exposure. 


7^ a. no. SiiD bidden by clifla. 




7*42- A.M. 


I80. 77 190. 66 


00.89 


Shade. 






47 


18 . r>4 30 . 47 


11 .93 


Sun. 






52 


18 . 31 33 . HO 


14 .99 


Sun. 1 






57 


18.09 34.48 


16 .39 


Sun. 






8 02 


18 . 06 23 . 55 


5 .49 


Shade. 




1 


07 


18 .15 20 . 13 


1 .98 


Shade. 






- - - — — 


1 


12 


18 .22 


18 .96 


.74 


Shade. 






" tfo= 170.20; m=.218 


; wtfo= 30.75. 


1 
1 
1 




i 
1 


Sky, sliglitly cloady 


. Wind,ligl 
220.49 


It. 


1 


11^30- A.M. 


1 
210.60 21°. 78 ' 00.18 


1 
Shade. i 


12*00- M. 210. 78 


00.71 


Shade. 


35 1 21 .70 


33.88 ' 12.18 


Sun. ^ 


05 P. M. 21 . 71 34 . 18 [ 12 . 47 


Sun. 


40 


21 .74 


37.47 1 15.73 


Sun. 


10 


21 .65 37 .45 | 15 .80 


Sun. 


45 


21 .75 


38 . 35 I 16 . 60 


I Sun. ' 


15 


21 .62 


38 . 22 ' 16 . 60 


Sun. 


50 


21 .76 


27 .05 1 5 .29 


1 Shade. i 


20 


21 .60 


27 .00 


5 .40 


Shade. 


55 21 . 77 i 23 . 70 I . 93 


! Shade. 


26 


21 .63 


23 .53 > 


1 .90 1 


Shade. 


12 00 M. 21 . 78 1 22 . 49 

1 


.71 


{ Shade. 1 

: 1 


30 


21 .66 


22 .37 


.71 


Shade. 


«o=(17o.4«): in = .224; m«e=3.o9l. 


i 


«o=17o. 


55; m = .224 


: m0o=3o.93. 




Sky, clear. Wind, fresb, Tariable. 


1 

! Shade. 


Sky, cle 


ar. Wind, fresh, variab 

! 
190.66 1 200.50 


le. 




4*00- P.M. 200.32 20°. 47 


00.15 


4*30- P. M. 


00.84 ' 


Shade. 


05 


20 . 22 31 . 51 


11 .29 


' Sun. 


35 


19 . 54 1 30 . 52 10 . 98 , 


San. 


10 


20 . 12 34 . 70 


14 .58 


: Sun. 1 


40 


19 . 42 , 33 . 04 18 . 62 1 


Sun. 


15 


20 .00 


35 .52 


15 .52 


' Sun. , 


45 


19 . 30 33 . 00 14 . 60 


Sun. 


20 


19 .90 


25 .14 


5 .24 


Shade. 


50 


19 . 17 24 . 14 4 . 97 ' 


Shade. 


25 


10 .79 


21 . 78 1 . 99 


Shade. 


55 


19 . 04 1 20 . 97 1 . 93 ' 


Shade. 


30 10 . 66 


20 .50 .84 


1 Shade. 

• 1 


5 00 


18 . 90 ! 10 . 70 . 83 

: 1 ! 


Shade. 


«D = 160.28; m=.212; m«,= 3o.45. 


1 


«•— 150.50 ;w — . 212; m^o— 30.31. 




Sky, clear. Wind, ligbt, variable. 


I 


Sky, clear. Wind, light, variable. 





Table 81. 

[Mountain Camp, Angust 24, 1881. Obaerver, J. J. K. Actinometer No. 3. Medium aperture.] 



Time. 



jWaterther- Sun ther- 
mometer. I mometer. 



Difference. ' Exposure. 



Time. 



7* A.M. Sun hidden by cliffs. 



7*42- A. M. 

47 

52 

57 
8 02 

07 

12 



.Water ther-. Sun ther- | Difference, 
mometer. mometer. ,*'"'' 



190. 14 
19 .06 
19 .00 
19 .00 
19 .08 
19 .12 



300.65 

33 .66 

34 .77 
24 .06 
20 .80 
19 .77 



(Oo.OO) 
11 .51 

14 .60 

15 .77 
5 .06 
1 .78 
.65 



•,.= 160.29; m = .223; «itfo = 3o.63. 
Sky, clear. Wind, calm. 



Exposure. 



Shade. 

Sun. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



11*30- A.M. ' 
35 I 

40 i 

50 I 

12 00 M. 



200.18 
20 .54 
20 .51 
20 .50 
20 .50 
20 .51 
20 .54 



200.23 
32 .55 

35 .90 

36 .83 
25 .72 
22 .40 
21 .24 



I 



00.05 
12 .01 

15 .39 

16 .33 
5 .22 
1 .89 
.70 



I ^=170. 18; m = . 224; ni^= 30.85. 

Sky, clear. Wind, light. 



4*00- P. M. 
05 
10 
15 
20 
25 
30 



200.36 
SO .18 
20 .07 
19 .03 
19 .H6 
19 .76 
19 .71 



C.56 
31 .32 
34 .17 
34 .89 
24 .73 
21 .55 
20 .44 



lb=]6o.69; m = .219: m«» = 3o.44. 
Sky, clear. Wind, brisk, variable. 



Shade. 

Sun. 

Sun. 

Snn. 

Shade. 

Shade. 

Shade. 



12*00- M. 
05 
10 
15 
20 
25 
30 



200.54 
20 .51 
20 .43 
20 .33 
20 .20 
20 .16 
20 .15 



210.24 
32 .88 

35 . 87 

36 .52 
25 .44 
21 .03 
20 .80 



00.20 


Shade. 


11 .14 


Sun. 


14 .10 


Sun. 


14 .96 


Sun. 


4 .87 


Shade. 


1 .79 


Shade. 


.73 


Shade. 



4*30- P.M. 

35 

40 

45 

50 

55 
5 00 



100.70 
19 .50 
19 .43 
19 .25 
19 . 12 
19 .01 
18 .90 



200.44 
3U .34 
33 .10 
33 .88 
23 .97 
20 .80 
19 .62 



00.70 


Shade. 


12 .37 


Sun. 


15 .44 


Sun. 


16 .19 


Sun. 


5 .24 


Shade. 


1 .77 


Shade. 


.65 


Shade. 



•-=170. 14; m = .227; ?»«o = 3o.89. 
Sky, clear. Wind, liglit. 



00.74 
10 .75 

13 .67 

14 .63 
4 .85 
1 .79 
.72 



•• = 150.45; m=.217; m«o=3o.35. 
Sky, clear. Wind, ftresh, variable. 



Shade. 

Sun. 

Sun. 

Snn. 

Shade. 

Shade. 

Shade. 
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Table 82. 



(Moimtaio Camp, Angtut 25, 1881. Obnrver, J. J. N. Actioometer No. 3. Uediam a|KrtnT«.] 



Time. 


Water ther- 
mometer. 


Son ther- 
mometer. 


Difference. 


Exposure, i 


Time'. 


Water ther- 
mometer. 


! Sun ther. 
mometer. 


Difference. 

1 

00.73 ' 


Exposure. 
Shade. 


7^A.1L Sun hidden by cliffs. 




1 7M2-A.M. 


260.05 


260.78 








47 


25 .24 


37.00 11.76 , 


Sun. 






1 


1 52 


24 . 59 


39 . 68 1 15 . 09 


Sun. 






1 


1 57 


24 .45 


39.76 ; 15.31 


Sun. 








! 8 02 


24 .22 


29 . 11 ' 4 . 89 1 


Shade. 






1 


07 24 .00 


25 . 90 1 . 90 ' 


Shade. 






1 


12 23 . 79 24 . 60 . 83 | 


Shade. 


^ 




1 
1 

1 


«• = 160.46; m=.2l9; mtffl = 3o.60. 








Sky, clear. Wind. 1 


ight. 

1 

200.78 






11^30* A. M. 


20O. 10 20O, 15 


00.05 


Shade. 


12*00- M. i 200.06 


00.72 


Sliade. 


35 


20 . 10 32 . 50 


12 .40 


San. 


05 P. M. 20 . 05 1 32 . 49 12 . 44 


Snn. 


40 


20 . 09 35 . 72 


15 .63 


San. 1 


1 10 20.05 35.68 1 15.63 


Sun. 


45 


20 .08 36 .50 


16 .42 


Sun. 


15 ' 20.04 36.49 16.45 


Sun. 


50 


20 . 08« 25 . 38 


5 .30 


Shade. 


20 ; 20 . 03 ! 25 . 43 , 5 . 40 


Shade. 


56 


20 .07 1 22 .00 
20 . 06 1 20 . 78 

1 


1 .93 


Shade. 


25 i20.03|21.93i 1.90 


Shade. 


12 00 M. 


.72 


Shade. 


30 20 . 02 20 . 75 ' . 73 

' 1 1 1 


Shade. 


•,= 17o.22; m = .222; m««=3<".l 
Sky, clear. Wind, Ught. 


32. 




«.— 170.43; m — .223; mtfo-.-3o.89. 








Sky. clear. Wind, light. 






4*00- P. M. 


190.42 


(20°. 1) 


(0O.7) 


! 
Shade. 


4*30- P.M. 


180.73 190. 46 


00.73 


Shade. 


05 


19.22 


(30 .5) 


•(11 .3) 


Son. 1 


35 


18.64 29.66 


11 .02 


Sun. 


10 


10.07 


(33 .5) 


(14 .4) 


Sun. , 


40 


18 . 57 82 . 73 


14 .16 


Sun. 


15 


18 .96 


34 .55 


15 .59 


San. ' 


4f 


18 . 41 33 . 40 


14 .99 


Sun. 


20 


18 .87 


23 .92 


5 .05 


Shade. 


1 50 


18 . 82 , 23 . 35 


5 .03 


Shade. 


25 


18.80 


20 .70 


1 .90 


Shade. 


55 


16 . 18 ' 20 . 08 


1 .90 


Shade. 


30 


18 .73 


19 .46 


.73 


Shade. 

1 


1 5 00 


18 . 10 1 18 . 86 . 76 

1 1 

1 1 


Shade. 


lb=16o.29; fi» = .210: mtfo=3o.! 


>7. 




tf. = 15o.00; m=.215; fntf» = 3o.42. 




Sky, clear . Wind, freab, variab 


le. 




Sky, dear. Wind, frcah, variable. 

1 





Table 83. 

[Mountain Camp, August 26, 1881. Observer, J. J. K. Actinometer No. 3. Medium aperture.) 



Time. 



Water ther-l Sun ther- 
mometer, mometer. 



Difference. Exposure. 



Time. 



7^ A. M. Sun hidden by cliffs. 



11*80- A. M. 
85 
40 



S 



55 
12 00 M. 



150.97 


16 


.02 


16 


.09 


16 


.11 


16 


.12 


16 


.16 


16 


.14 



160.10 
28 .00 

31 .25 

32 .23 
21 .38 
18 .18 
17 .04 



0».13 
11 .98 

15 .16 

16 .12 
5 .26 
2 .02 
.90 



Shade. 
Sun. 
Sun. 
Snn 
Shade. 
Shade. 
j Shade. 



•r=r;6o.92: m=.2U; mtf0=3o.62. 
Sky, clear. Wind, brisk, variable. 



4^ 00- P.M. 
05 
10 
15 
SO 
26 
ID 



170. 48 
17 .86 
17 .23 
17 .06 
16 .98 
16 .79 
16.58 



170. 76 
28 .52 

31 .33 

32 .08 
21 .97 
18 .80 
17 .55 



00.28 
11 .16 

14 .10 

15 .02 
5 .04 
2 .01 
.97 



Shade. 

Sun. 

Sun. 

Sun. 

Sha<1e. 

Shade. 

Shade. 



•r=rt5o.90; m=.208: m««=3o.3i. 
Sky, dear. Wind, fresh, variable. 



7*45«A.M. 
50 
55 
00 
05 
10 
15 



'S'lVir. ?S?mVi:j: ,Diff.r.nc.; Bxpo.u«. 



190.38 
18 .40 
17 .03 
17 .77 
17 .69 
17 .64 
17 .59 



200.76 
80 .60 

32 .45 

33 .14 
22 .90 
19 .72 
18 .62 



10.38 
12 .20 

14 .52 

15 .86 
5 .21 
2 .08 
1 .03 



. Shade. 

Sun. 

Sun. 

Snn. 
, Shade. 

Shade. 

Shade. 



tfo=16o.79; m^.210; mtf.=:3o.53. 
Sky. dear. Wind, light 



12*00- M. 
05 P.M. 

15 
20 
25 
30 



I60. 15 
16.14 
16 .12 
16 .09 
16 .08 
16 .10 
16 .15 



170.04 
28 .39 

31 .60 

32 .36 
21 .43 
18 .13 
16 .05 



00.89 
12 . 25 

15 . 48 

16 .27 
5 .35 
2 .08 
.80 



I Shade. 
, Sun. 
I Sun. 
, Sun. 

Shade. 

Shade. 

Shade. 



AprTl7o.34; m-.2l8 ; m#»=3o.7& 
Sky, dear. Wind, fresh, variable. 



4*30- P. M. 

35 

40 

45 

50 

55 
5 00 



160.59 
16 .37 
16 .19 
16 .03 
15 .88 
15 .73 
15 .56 



170.55 


00.96 


Shade. 


27 .14 


10 .77 


Snn. 


29 .69 


13 .50 


Sun. 


30 .28 


14 .25 


: Sun. 


20 .75 


4 .87 


Shade. 


17 .76 


2 .03 


Shade. 


16 .52 


.96 


. Shade. 



«•= 150.40 : m— .206; fii«i=3o.l7. 
Sky, clear. Wind, ft-esh, variable. 
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Table 84. 

[MouDt^n Camp, September 6, 1881. Observer, J. J. K. Actlnometer No. 1. Largest apertare.]. 



Time. 



Water ther- 
' mometer. 



momSer: I Diff'^-ce- : Exposore. 



..X . 



I 

, 7^ 42". The earlier obscrrations were rendered worthlesa by 
an accident to Che instrument. 



11^30- A. M. 

35 

40 

45 

50 

55 
12 00 M. 



19^.34 
19 .42 
19 .48 
19 .50 
19 .63 
19 .70 
19 .77 



190.34 
32 .10 
34 .38 
34 .94 
22 .90 
20 .46 
19 .88 



Oo.OO 
12 .68 

14 .90 

15 .38 
3 .27 
.76 
.11 



Shade. 

Snn. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



Time. 



Water ther-i Snn ther- 
mometer. . mometer. 

I 



Difference. Exposure. 



8M5-A.M. 


150.02 


15°. 18 


00.16 


Shade. 


20 


15 .20 


27 .08 


11 .88 


Snn. 


25 


15 .33 


(28 .88) 


(13 . 55) 


San. 


30 


15.44 


(30 . 36) 


(14 . 92) 


San. 


35 


15 .53 


18 .78 


3 .25 


Shade. 


40 


15 . 61 


16 .41 


.80 


Shade. 


45 


15 .64 


15 .94 


.30 


Shade. 



#0=150.34 : m— .288 : niflo=4o:42. 
Sky, deep bine. Wind, calm. 



12»'01»P. M. 
06 
11 
16 
21 
26 
31 



I 



190.77 
19 .86 

19 .93 

20 .00 
20 .05 
20 .12 X 
20 .20 



(I90. 88) 
32 .84 
35 .18 
(35 . 44) 
(23 .38) 
(20 . 86) 
(20 . 36) 



(Oo.ll) 
12 .98 
15 .25 
(15 .44) 
(3 . 33) 
(0 . 74) 
(0.16) 



> Shade. 
' Snn. 

San. 
I Snn. 

Shaile. 

Shade. 

Sbada 



tf*^15o.62; fri^.302; tn«»=4o.72. 
Sky, deep blue. Wind, calm. 



4* 00- P.M. 
05 
10 
15 
20 
25 
30 



I 



210.47 

21 .45 

21 .43 

21 .40 

21 .35 

21 .29 

21 .22 



21^.64 
(30 .82) 
(33 .86) 
(33 . 97) 
(24 . 14) 
(21 . 95) 
(51 . 40) 



00.17 
(9 .37) 
(12 .43) 
(12 . 57) 
(2 .79) 
(0 .66) 
(0 . 18) 



••=130.86; in=.293; nitf0=3o.91. 
Sky, partly cloudy. Wind, fresh. 



Shade. 

Sun. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



#0=150.86: wi— 308; mfl»=4.o89. 
Sky, deep blue. Wind, calm. 



NoTK. — Tlie observntions of this day made with the larue 

actiiiometer (No. 1) are not directly comparable with the 

rest. 
The first and last series are not included in the final^um- 

mary, the instrument having; been disturbed. They* are, 

however, not altogether valueless. 



Table 86. 

Summary of acHnom^ier observations at Mountain Camp, 
(The method pursued in deducing the corrected from the uncorrected obseivations is explained in the next chapter.) 

[Instrument, small actinometer No. 3.] 



Duration of 
experiment. 



Duration of 
experiment, 



Duration of 
experiment. 



7* 42" to 8^ 12-. 11* 30» to 12* GO" 12* 00» to 12* 30" 



Duration of 

experiment, 

4* 00" to 4* 30-. 



Duration of 

experiment, 

4* 30- to 6* 00-. 



m 



Date. 



I 



1881. 
i Aug. 21 
22 
23 
24 
25 
26 
Sept. 6 



o ^ 



Cal. 
1.428 



JO 

II 

O 41 



1.502 
1.454 
1.443 
1.412 



Ccd. 
1.729 
(I. 752) 
1.819 
1.760 
1.746 
1.709 
(1.752) 



OS 

U 



CaL 

*i.526 

1.568 
1.540 
1.531 
1.450 



^ a 



sg 



IS 
lis 


^^ ; 


Uncor 
obsorv 



I 

Ccd. 
(1.882) 
1.H78 I 
1.930 
1.895 
1.884 I 
1.784 ' 
1.920 



Cal 

1.569 
1.472 
1.573 
1.558 
1.556 
1.514 
*1. 615 



JO . 
o « 

'Si 

II 



Cal. 

1.931 

1.811 

1.935 

1.918 

1.916 

1.862 

1.989 



t * 



Cal. 

1.229 

1. 2.'>5 

1.881 

1 376 

1.429 

1.324 



JO . 

O C 

"is 

It 

u * 



1§ 
t o 

it 



If 



I ■*» 




Cal. 

1.198 

1.199 

1.323 

1.343 

1.369 

1. 271 



Cal. 

1.451 

1.452 

1.601 

1.625 

1.658 

1.538 



CaL 
1.493 
1.525 
1.677 
1.666 
1.736 
1.607 
(1.617) (1.554) 



8.486 
8.418 
8.962 
8.864 
8.940 
8.500 
8.832 



Mean 



1.448 1.752 1.529 1.882 1.551 1.909 1.332 1.617 1.284 1.554 

! • -I . I 



7* 42- to 8* 12-. Il*30-tol2*00-. 12*00-tol2*30-. 4*00-to4*30-. 4* 30- to 6* 00*. 



I 



I 



Mean time of exposure to sun 7* 50- 

Sun's mean hour angle 4* 12- 

Sun's mean zenith disUnce 62O09' 

Air-mass 10. 72 



m. 



Ilh38-a.m. 
0*24- 
26038' 

5.61 



12*0«-p.m. ' 
0*06- I 

26O07' 



4*08- p. m. 
4*06- 
60O58' 



4*38-p.m. 
4*36- 
66050^ 



5.58 



10.32 



12.73 



* The observations of September 6 made with actinometer No. 1 have here been reduced to the standard of Ko. 3, in order to 
to render them comparable with the rest. 
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PLATE II. 
IMPERFECT AND IRREGULAR ACTINOIIETER CURVES. 
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PLATE ■. 
ACTMOMETER CURVES FOR AUGUST 4.TH, i88t 
LONE PWE— ACTWIOMETER NoL 
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PLATE V. 

AcriNOMCTER Curves for August 4th. 1881. 
Lone Pine^ Actinometer Na3. 
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PLATE VI. 
ACTIMOMETER CURVES OF MT. WHITNEY. 
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Ohaervations with the actinometer on the Peak of Mount Whitney. 
[Peak of Mount Whitney, September 5, 1881. Observer. J. E. Keeler. Actinometer No. 3. Mediom aperture.] 



Time. 



"S-'ortSri ^re'tSr: i !>"»•—• ' «'P««»"- 



Time. 



Waterther- Sun ther- TM<r««-»««*» ' v*»^»^ 
mometer. , mometer. i I>ifference. Eipoaure. 



8^00- A. M. 
05 
10 
15 
20 
25 
30 



180. 20 
17 .55 
17 .00 
16 .40 
15 .87 
15 .38 
15 .00 



180.90 
29 .40 
32 .00 
32 .51 
21 .08 
17 .20 
15 .68 



00.70 
11 .85 

15 .00 

16 .11 
5 .21 
1 .82 
.68 



Shade. 

San. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



11^30- A.M. 

35 

40 

45 

50 

65 
12 00 M. 



40.90 

81 



71 
61 
48 
38 
4 .29 



150.90 
27 .81 

31 .06 

32 .06 
20 .45 
16 .70 
15 .30 



10.00 
13 .00 

16 .35 

17 .45 



5 
2 



97 
32 



1 .01 



Shade. 

Son. 

Sun. 

Sun. 

Shade. 

Shade. 

Shade. 



#0=160.87; m=.224: m«»=3o.78. 
^ky, deep violet. Wind, very light. 



12*00- M. 


140.29 


150.30 


05 P.M. 


14 .22 


27 .05 


10 


14 .15 


30 .50 


15 


14 .09 


31 .32 


20 


14 .04 


19 .94 


25 


13 .99 


16 .12 


30 


13 .94 


14 .80 



10.01 , Shade. 
12 . 83 Sun. 

16 . 35 i Sun. 

17 . 23 Sun. 

6 . 90 i Shade. 

2 . 13 ' Shade. 
. 86 Shade. 



#0=180.64: m=.210; m#o=3o.91. 

Sky, deep violet. Wind, very light breeze. 



From the above we have for September 5 



#0=180.39; fn=.216: m#o=3o.97. 

Sky, deep violet. Wind, very light breeze. 



At- 



Uncorrected observations 
Corrected observations. . . 



8*08-A.M. 11^37- A.M. 



Oal 
1.613 
L843 



Cal. 
1.567 
1.926 



12* 07- P. M. 



Cal. 
1.591 
1.954 



The preceding observations have tjl been examined, and represented by means of graphical 
constructions, accompanying the original reductions and serving as a check upon them. 

Where the observations were interrupted or sensibly affected by haze, clouds, or other cause, 
the curve exhibits the defect in kind and degree in a striking manner. We have omitted a great 
number thus defective, but give one or two examples of defective curves in illustration. (See 
Plate No. II, "Imperfect and irregular actinometer curves.") 

We give, as examples fairly typical of a great number, three plates, showing the readings 
of actinometers Nos. 1, 2, and 3 on August 4, at Lone Pine (Plates III, IV, and V), and also a 
plate (No. VI) showing curves of observations at the Peak of Whitney September 5, Mountain 
Gamp on August 23, and Lone Pine on August 23. 

It is to be observed that the smoothness and uniformity of these curves in general is due not 
only to the exquisitely clear sky and absence of all ordinary disturbing causes, but to the skill of 
the observers, who were very thoroughly drilled and practiced before these were taken. 

Nothing has been done to smooth the curves, which as now engraved faithfully represent the 
accuracy of the original observer. 



CHAPTER VIII. 



ACTINOMETEE CORRECTIONS. 

CORRECTION TO THE RESULTS OF ACTINOMETRIC REDUCTIONS. 

A great deal of labor bad been already spent in reducing tbe actinometric observations by 
the method proposed by M. Violle, when it became clear that the actual initial rise of the ther- 
mometer was in every case greater than this method made it. It was then necessary to apply a 
correction to the results thus obtained. It is here called ** correction A." The necessity of cor- 
rection A, it will be seen, would not arise with direct observation by the method which was finally 
adopted. It is, therefore, special to the observations made and reduced by M. Violltfs method. 

A second correction arises from the imperfect conductivity of mercury. It is called here 
' correcticm B.'' 

A third correc^tion must be made for the imperfect absorption of heat by the thermometer 
bulb. It is here called '* correction C." 

A fourth correction ("correction D") is due to the fact that Violle's method demands in theory 
an unlimitedly long exposure, and that in practice, when we limit this exposure to 15 minutes, 
the results are too small. This correction, then, is special to the observations made by this 
method. 

All the above corrections are instrumental ones, and all are additive. 

A fifth correction (** correction E'') is due to the fact that the portion of the thermometer's 
heat lost by convection and conduction varies as the air is rarer or denser. This correction is 
instrumental and is negative. 

The necessity of the sixth correction (*' correction F") is indicated by M. Violle. It arises 
from the fact that the actinometer registers radiations from the portion of sky immediately around 
the sun with those from the sun itself. It is insignificant in amount as compared with the others, 
and is subtractive. It is the only one of the preceding list which M. Violle applies. • • • 
Though most of the above corrections are here applied for the first time, they afiect the value of 
the solar constant most materially. Their method of determination as well as their value is there- 
fore given in detail. 

Determination of the first correction (^), whose application shall reduce the initial rateSj inferred 
by M, Violle's method^ to the true initial rates which would be given by direct observation. 

Since the losses of temi>erature by radiation, convection, and conduction are more consider- 
able as the difference between the temperature of the thermometer and of its inclosure increases, 
the errors produced by neglect or erroneous estimation of these losses will be least if we make our 
experiments of short duration and allow the temperature of the exposed bulb to vary only slightly 
from that of the inclosure. 

Two methods of procedure suggest themselves. 
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DETEBMINATION OF COBRECTION A, BY FIBST METHOD. 

Take the readings of the first three minutes of an exposure. If the sky remains clear we may 
compare the initial rate of heating, calculated from these three minutes, with that of the complete 
series. 

Let » = the greatest attainable excess of temperature, and ^i, 6^, ^3, the excesses at the end 
of 1, 2, and 3 minutes. Since, under the conditions of the whole experiment, radiation is approxi- 
mately proportional to the excess of temperature; for a brief time we may treat it as exactly pro- 
portional, without sensible error ; that is, we may graphically represent these excesses by the 
ordinates of a logarithmic curve; and (since the lengths of three equidistant ordinates must be in 
geometrical progression) to determine the axes of such a curve to be passed through these points, 
in case ^1, 62^ 62 are not already in geometric progression, they must be made so by the addition 
of a constant, n. The common ratio is 



a = - 



u — 61 



n-6/3 



whence 



n s= 



0\ — 61 62 



: 2^2 -(#1 + ^3) 



and since a = e"', where e is the Napierian base. 



111 = 



log^a 
log € 



log a 
0:4343 



and the initial rate of heating per minute is represented by the product m x n, if the sun ther- 
mometer starts exactly at the temperature of its environment at the instant of exposure, or by 
n X (n— 6)^ if there is an excess of temperature, 6, For example, take the following observation 
made on Mount Whitney, from XV" 30*" to 12»^ 00'", August 23, 1881: 



^0 = 



0"'°, e. 




From (1) and (2) : 



From (2) arid (3) : 



and 



0.1211 ^^ ^_^ 
^^ = 0.4343 = ^-^^^^ 



excess of temperature at the instant of exposure. 

C n - ^, = 12. 33, log (n - f)i) = 1. 0909® 
n = 15.93 < n - #2 = 9. 33, log (n - 62) = 0. 9699 (?) 

[ n - ^3 = 7. 06, log {n - d^) = 0. 8488 

log a = 0.1210 
log a = 0.1211 

m X (n - ^) = 0.2788 x 16.76 = 40.391 



The entire series, including 15 minutes' exposure to the solar radiation and an equal time for 
cooling, gave, when reduced by Violle's method, an initial rate of 3^^.914 per minute. 

The following table gives the results of both methods of computation for a considerable 
number of observations. 
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Table 86. 



station. 



Date. 



Hour. 



Initial rate ; i 

from first, : Initial rate 

R4Mrond, and by YioUe's 

third min- i method. . 

ntcs. i 



I 



Mountain Camp (Whitney). 



Mountain Camp (Whitney). 



Lone "Pine 



Lone Pine. 



Mountain Camp 



Allej^beny 



JH«1. 
Aug. 21 
Au>!. 23 
Aui;. 23 
Au>;. 24 
Au^. 24 
Aug. 25 

AuR. 21 
Aug. 22 
Aug. 23 
Aug. 24 
Aug. 25 
Aug. 26 
Aug. 21 
Aug. 23 
Aug. 23 
Aug. 24 
Aug. 24 

Aug. 25 
Aug. 21 
Aug. 22 
Aug. 23 I 
Aug. 24 
Aug. 25 I 
Aug. 27 
Sept. 5 
Sept. 5 
Sept. 6 
Sept. 6 

18H2. 
Mar. 4 
Mar. 4 
Mar. 4 



12"' lo- 
ll 30 
12 00 

11 30 

12 00 
11 30 

P. 
30 
30 
30 
30 
30 
30 



4 

4 
4 

4 
4 

4 

12 00 

11 30 

12 00 

11 30 

12 00 

P 
11 30 



'-12>»40- 
-12 00 
-12 30 
-12 00 
-12 30 
-12 00 
M. 

- 5 

- ^ 

- 5 



00 
00 
00 
- 5 00 



00 
00 



4 
4 
4 
4 
4 
4 



30 
30 
30 
30 
30 
30 



- 5 

- 5 
-12 30 
-12 00 
-12 30 
-12 00 
-12 30 
M. 
-12 

- 5 

- 5 

- 5 

- 6 

- 5 



11 30 

12 00 

11 30 

12 01 



00 
00 
00 
00 
00 
00 
00 
-12 00 
-12 30 
-12 00 
-12 31 



5 



11 301-12 OOi 

12 OOi-12 30 
12 324- 1 02 



4.20d 
4.391 
4.895 
4.743 
4. 730 
4.020 

3.(»1 
3.558 
3.306 
3. 205 
3.824 
3.737 
3.420 
3.970 
3.687 
4.782 
3.879 

3.901 
3. 286 
3.156 
3. 225 
3.056 
3.658 
3.403 
3.841 
4.787 
5.720 
5.424 

4.854 
4. 582 
5.695 



3.918 
3.914 
3.930 
3.848 
3.890 
3.823 

2.991 
2 995 
3.305 
3.353 
3.418 
3.173 
3.279 
8.454 
3.460 
3.368 
3.338 

8.420 
2.607 
2.641 
2.719 
2.823 
2.751 
2.735 
5.157 
4.196 
4.718 
4.887 

4.061 
4.101 
4.260 



Mean 



4.083 



3.566 



The average initial rate from 31 observations is by the first inethoil 4o.083, and by Violle's 
method 3^.506, and the ratio of these numbers is 1.145, whence a correction of 14.5 per cent, ought 
to be added to a result deduced by Violle's method of computation, according to this comparison. 

DETERMINATION OF CORRECTION A, BY SECOND METHOD. 

By the second plan we obtain direct observations of the initial rate of heating for short 
IM^rioils of exposure (15 or 30 seconds), exactly determined by an audible signal from a standard 
clock, or better still, automatically regulated by an electromagnetic mechanism, controlled by the 
clock. » 

This method requires preferably two actinometers and two observers— one to carry on the ordinary 
routine, alternately exposing and shading his instrument for 15 minutes — the other to make simul- 
taneous direct observations of the initial rate of the second instrument for short exposures. The 
mode of procedure in the second instance is as follows : The sun-thermometer is taken out of the 
case and cooled as much below the temperature of the water as it is expected to rise above it in the 
course of the exi>eiHment. We thus insure that, during the first part of the exposure, the bulb of 
the sun-thermometer shall be receiving heat from the iuclosure as well as from the sun, while, 
during the second part, it receives heat from the sun but radiates it to the iuclosure. The amounts 
of heat received from or radiated to the surrounding water jacket b}' the thermometer are nearl^^ 
equal, though not exactly so, because the middle temperature is attained in less than half the 
time of exposure, whence the cooling agencies are slightly more effective than the heating, and the 
initial rate thus measured tri7/ there/ore atill be below the truth, although, as will be seen, it is in all 
cases larger than that inferred by the usual process. Having cooled the thermometer, the observer 
transfers it to the case, centers it, reads its teuii>erature, as well as that of the well-mixed water 
in the surrounding jacket, and exposes it at the beat of a loud-sounding relay, which repeats the 
ticking of the clock. Then, having counted the seconds from to 30, he closes the shutter at the 
instant of the 30th beat and proceeds to read the temperature attained, which may be done in a 
comparatively leisurely manner, since, though the reading rises rapidly, it scarcely falls percep- 
tibly for several seconds. This observation is therefore far more accurate than that obtained by. 
a hasty glance while the mercury column is still moving rapidly up, and thus, although the total 
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change is small, the degree of accuracy is comparable with that obtained in the ordinary way. 
Moreover, a considerable number of observations can be made in a short time. The operations, 
however, need to be performed with care, and the frequent handling of the thermometer is, of 
course, attended with increased danger of breakage. 

The following special observations have been made by this second method for the pui-pose of 
comparing the method of reduction used by M. Violle with the results of direct observation : 



Table 87.» 

[Allegheny, March 29, 1882. Observer, F. W. Very. Measnrements made at noon. Sky, milky bine.] 



Actinometer No. 1 (large). 



Actinometer No. 2 (small). 



Interval of 
time, t. 



Excessfof temperatnre. 



Heating, 0. 



Min, 



5 
10 
15 



- Oo. 18 
8 .75 

11 .25 

12 .15 



Cooling, B*. 



12°. 15 
2 .50 
.55 
.05 



Sum,0+OM 



110.97 
11 .25 

11 .80 

12 .20 



Interval of 
time, t. 



Min. 

5 

10 
15 



Excess of temperature. 



Heating, 0. 



00.19 
9 .25 

12 .50 

13 .80 



Cooling, 0'. Sum, + 0'; 



130.80 
4 .60 
2 .00 
1 .15 



13<^.99 

13 .85 

14 .50 
14 .95 



From the equation m t log e= log 0o— log q': , From the equation m t log e=log 0o— log0': 
For t=5, m=.210; for f = 10, fn=.307; for For f=6, m = .227; for e = 10, fn = .197; for 
t=15, in = .366. ! f=15, m = .168. 

Average tn = .294 ; 00 = + 0' =11^.81. ,, Average to = .197; 0o = + 0* = 140.32. 

TO 00 = 30. 47. ' TO 00 = 20.82. 



Initial rate obtained iVom direct measurements, 1 In i tial rate obtained from direct measnrements, 
30.85. I 30.35. 

T»^._ calculated rate _ 3. 85 |l Ratio =^-°^*®^ ™^=- ^*= 1 188 

observed rate 3. 47 I observed rate 2. 82 



* The comparisons of March 29, having been made by only^ one observer, were necessarily not obso- 
lutely synchronous. The sky however remained uniform, and the results are considered trustworthy. 

Table 88. 

[ AUegheny, October 20, 1882. Observer, J. £. Keeler. Sky, milky blue with occasional thin smoke.] 



Actinometer No. 2 (small), measnrements made 
from U*" 30" to 12»» 00». 



Interval of 
time, t 



Min. 



5 
10 
15 



Excess of temperature. 
Heating, 0. Cooling, 9'. ' Sum, 0+0'. 



00.70 
10 .03 

12 .50 

13 .30 



130.30 
4 .07 
2 .08 
1 .22 



140.00 
14 .70 
14 .58 . 
14 .52 



From the equation to i log e = log 0o — log 0' : 
For ( = 5. TO=.2>fl; for t = 10, TO = .194; for 
t=15, TO = .165. 

Average to = .195 : 0o = + 0' = 140.45. 
TO0O — 20.82. 

TO 00 X ■^= 2 82 X .40.70 = 1 .148 cal. 

a 



Actinometer No. 2 (small), measurements made 
from 12»' 00" to 12»' 30-. 



Interval of 


Exc« 
Heating, 0. 

10.22 
10 .39 
13 .00 
13 .40 


RS of tempen 

: 

Cooling, 0'. 


iture. 


time, f. 


Sum, 0+0'. 


Min. 



5 
10 
15 


130.40 

4 .60 

2 .00 

! 1 .12 

1 


140.62 
14 .99 
15.00 
14 .52 



From the equation m t log e = lo|: 0o — log 0': 
For « = 5, TO = .234 ; for t= 10, to = .200 ; for 
e^l5, »H = .172. 

Average to = .202 ; 0o = •+«' = 140.78. 
TO 00 =.20.99. 

m 00 X "*^ = 2.99 X .4070 = 1.217 cal. 
8 



Table 89. 

[Actinometer No. 1 (Urge), direct observation of initial rate synchronously with above 

observations of October 20.] 



15 seconds exposure. J 30 seconds exi)osnre. 



10. 00 ] 
1 .05 

.95^ 

1 .05 
1 .05 J 



mean = 10.02 



10.95) 

1 .95 

2 .00^ mean = 10. 99 
2 .05 

2 .OOj 



60 seconds exposure. 



40. 05 1 
3 .95 

3 .95 

4 .05 
3 .90j 



Remarks. 



mean = 30.98 



Mean x 4 = 40.O8. 



Mean X 2= 30.98. 



Timeftx)mll»'12*to 
12^35". Observer, 
F. W. Very. 



Mean x 1 = 30.98. 



Mean of all=4o.01 (15 obserrations), 4.01 x .3484= 1.397 calories. 
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Table 90. 

lAllegbcny, October 20, 1882. Observer, J. E. Kecler. Light breeze. Sky, good bine. A little Bmoko toward sim. 

j ^ '" ~ 

Actinometer No. 1 (lar^re), nieasureineDta made ' Actinometer Xo. 1 (lurfre), moflHiirenients made 



from 12>» 45» to l" 15». 



from l"" IS* to l"" 45". 



Interval of 
time, L 



Min. 



5 

I 10 

' 15 



Excean of temperature. 



I 



Heating, $. 



00.18 
10.53 

11 .97 

12 . 10 



Cooling, 0'. 8nm,0 + ^. 



Interval of 
time, (. 



Excess of temperature. 



Heating, 9. Cooling, tf". Sum,0 + ^. 



120.10 
2 .87 
.60 
.22 



12°. 28 
1.3 .20 
12 .66 
12 .32 



Min. 



5 
10 
15 



00.21 


120.20 


0.79 


2 .62 


11 .71 


.69 


12 .20 


.20 



120. 41 
12 .41 
12 .40 
12 .40 



From the equation m t log ^=log 9o— log 9* : For , From the equation m t log e=^log 9o — log B* : For 
e=5, tn=.310 ; for e=10, ni==.291 ; for t=15, m= • t-=5, fn=.311 ; for t=10, »n=.289 ; for f=15, »n= 
.270. .275. 

Average m=.290 ; «o=tf 4 *'— 12o.61. .i Average ni=.292 ; 00=0+0'— 12PA1. 

tn0i»= 30.66. m0o=^3o.62. 

'1 m0oX '^=3.62x.3484=l,261 calories. 

o t 



m«oX ^-3.66x. 3484=1.276 calories. 
8 



Table 91. 

[Actinometer No. 2 (small), direct observation of initial rate synchronously with above.] 



15 seconds exposure. 30 seconds exposure. ! 60 seconds exposure. 



Qo. 891 
' .*85>mean=0o.82 



!7lJ 



lo. 73 1 

1 . 76 > mean =10.68 

1 .55j 



Mean X 4 =30.28 



MeanX2=3o.36 



80.451 

3 . 35 > mean«=3o.33 

3 .20j 



Remarks. 



Mean X 1=30.33 



Time from 12' 55'» to 
1' 51"'. Observer, 
F. W. Verj-. 



Mean of all = 30.32 (9 observations), 3.32 X .4070 = 1.352 calories. 

The observations of October 20, 1882, may be thus summarized. 

With actinometer No. 1 : 

i 30.66 ) 
(1). — Initial rate by Violle's method .. ) 30(52 J M^^° 3o.64 

(2). — Initial rate by direct method 40.OI (Mean of 15 observations). 

With actinometer No. 2 : 

i 20.82 > 
(3).— Initial rate by Violle's method ^oooo)^^^^ 2o.91 

(4).— Initial rate by direct method 3o.32 (Mean of 9 observations). 

(1) is synchronous with (4), and (2) with (3). 

In order to compare the radiations measured synchronously, but by different instruments, the 

measurements made with actinometer No. 2 have been reduced to the standard of No. 1 by multi- 

))lying the results, expressed in calories, by the factor 1.054, whose determination is described 

further on. We then have — 

(1).— Actinometer No. 1. Calories by Yiolle's method 1. 276 and 1. 261 

(2). — Actinometer No. 2. Calories by direct observation 1. 424 and 1. 424 



(3).- 
(2).- 



And their ratios are 1. 117 and 1. 129 

Actinometer No. 2. Calories by Violle's method 1. 210 and 1. 283 

Actinometer No. 1. Calories by direct observation 1. 397 and 1. 397 



And their ratios are 

From the observations of March 29 and October 20, 1882, 



the first correction should be 



1. 154 and 1. 088 



Per cent. 

{ +11.3 
+ 18.8 
+ 11.7 
+ 12.9 
+ 16.4 
+ 8.8 



Mean +13J2 
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The couclusiou fioui tbc lueau of six compariHoiis by the second method is that the Violie 
method giveB a result which is to be iucreased by at leiist 13/2 per cent, to equal the result of 
direct observation (which is itself too 
small). Although the number of com- 
parisons by the second method is ver^' ^ a 
much smaller than by the first, they 
are so much more reliable that equal 
weights will be given to the mean of 
each set, and the finally adopted value 
of correction A is + 13.8 per cent. 

Determination of the second correction 
(correction B) for imperfect conduc- 
tivity of the mercury in the hulb of tlie 
thermometer used for measuring the 
intensity of solar radiation. 

The communication of heat to the 
mercury within the bulb of a ther- 
mometer takes place partly by con- 
duction and partly by convection cur- 
rents iu the liquid. If the heat is ap- 
plied from below, the convection cur- 
rents attain their maximum energy; 
but if the source of heat is above the 
thermometer, the communication of 
heat must be largely due to conduc- 
tion, which, on ^iccount of the imper- 
fect conductivity of the mercury, is 
slow. If the heat is received from the ! 

side, convection currents will be free I. 

to act, but in their upward course they I 

meet a surface already heated, and 
must be far less efficient than when 
they rise from a lower heated hemis- 
phere into a cool upi)er one. 

It follows that the altitude of the 
sun affects the accuracy of the indica- 
tions of the solar thermometer, as has 
been well i>ointed out by Mr. Erics- 
son (^^Contiibutious to the Centen- 
nial Exhibition," Chap. XVII), and 
that the most reliable use of the ther- 
mometer as a measurer of radiation 
requires that its lower surface should 
be exposed to the source of heat. 
This being impracticable in onlinary 
actinometric me^asurements, a correc- 
tion must be applied to all observa- 
tions to reduce them to what they ^^^°K«^™«°* «>' appamtUH a» ummI in the doterminallon of the comn^tion for nailir «un 

would have been with a nadir sun. This correction has been determined as follows by Mr. F. W. 
Very : A beam of sunlight, being kept fixed in a horizontal direction by a heliostat, was received upon 
a second mirror, which retiected it either upwards, tlown wanls, or horizontally, the actinometer l>eing 
correspondingly and successively placed above, below, and at the side. (See Fig. 8.) The rise of the 
12635— No. XV U 
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suuthertnometcr in one minute was noted in each case, and tbe observations were repeated often 
enough to eliininate error from atmospheric changes. 

An example is here given in full. The components of a pair were talcen in as rapi<l succession 
as iK)S8ible. The exposures could be timed with great precision by lii^tening to the beats of a loud- 
sounding relay, which rei>eated the ticks of the observatory^ clock by the observer's side. 

Table 92. 

[Station, Allegheny. Ol>8crver, F. W. Very.] 



Duration of 
exposure. 



Mean time. 



JSec. 

^ ?; Nov. 14. 1882 

30 Jl 1?*24»P.M. 

30 ) 

> 12 42 
30 J| 

30 }i 

> 12 55 
30 ) 

30 A 

S 1 02 
30 ) 

60 )l 

S, 1 10 

60 S 

I 
60 i 

> 1 18 
60 > 



Water ther- Sun ther- 



mometer. 



mometer. 




»o.50C. 
9 .48 
9 .22 

9 .sa 

9 .25 
9 .18 
9 .23 
9 .25 
9 .25 
9 .25 
9 .25 
9 .25 



9O.50C. 

10 .62 

9 .50 

10 .55 

9 .20 

10 .58 

9 .30 

I 10 .65 

9 .25 

10 .60 

' 9 .20 

: 10 .35 

9 .25 

10 .55 
9 .25 

, 10 .45 
9 .20 

11 .15 
.25 

I 11 .35 
.20 

11 .60 
I .25 

11 .50 



B — gain in 
1 minute. 



10.12 
1 .05 
1 .38 
1 .35 
1 .35 
1 .15 
1 .30 
1 .20 

1 .95 

2 .10 
2 .40 
2 .25 



2°. 24 
2 .10 
2 .76 
2 .70 
2 .70 
2 .30 
2 .60 
2 .40 

1 .95 

2 .10 

2 .40 

2 .25 
Mean .. 



Ritio of Rad" , y,,^.t j„_ 
r.x«..> .»..s*v. li I reel ion 

nadir. """'^- 



I 



.94 

.98 

.85 

.92 

.03 

.94 
.03 



1 
S 
1 
{ 



Nadir. 

Zenith. 

Nadir. 

Zenith. 

Nadir. 

Zenith. 

Nadir. 

Zenith. 

Zenith. 

Nadir. 

Nadir. 



Zenith. 



The following is a summary of all the results obtained in two days of ex]»eriment, eadi result 
here given being usually the mean of 5 determinations like those just cited. Those of the Baudin 
thermometer (obtained on a favorable day) are entitled to special weight. 

Table 93. 



iStation, Allegheny. Obsenrer, F. W. Ver>'.] 



I Direction from I -_ .__ ,„ ,_ , 
Thermometer, which radiation 'iff?.? ^ 



Baadin8737., 
Do 

Green 4571... 
Do 



comes. 



minute. 



(Zenith 20.28) 

i Nadir , 2 .475 

(Horizon 2 .43) 

i Nadir i 2 .57 5 

(Zenith i 1 .29) 

{Nadir 1 .395 

S Horison ' I .85) 

(Nadir , 1 .985 



RaUo. 



.92= 



.95= 



Radiatjon 

Radiation 
Radiation 

RadiaUon 
Radiation 



••^-Radiations- 
Radiation 

• "^-Radiation 



from_zenith. 

from nadir, 
from horixon. 

from nailir. 
froni zenith. 

fh>m nadir, 
from horizon. 

ftom na<lir. 



An inspection of these figures shows that the correction for imperfect conductivity of mercury 
is not only an appreciable one, but is of considerable importance, where the radiation is received 
from points above the horizon, which is the condition occurring in ordinary actinometric work. 
For a constant amount of heat received, then^ the reading of a thermometer progressively increases 
as the sun approaches the horizon. To determine the exact law of increase still more exiieriments 
are required, but the present ones show that for the thermometers actually employed this incre- 
ment is approximately proportional to 1 — cos J C (C being the zenith distance). We have, in fact, 
upon expressing the above observations in terms of the radiation from nadir sun (after giving the 
Baudin thermometer results double weight)— 
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Table 94. 










Obaerved cor- 
rectiun. 

Per cent. 

+ 8.3 
1 +0.0 



Calcnlated 
correctioo. 


Mean obnervod radiation from — 
Zenith 


92.3 

94.3 

lOQ.O 


Per cent. 

m 

+a3 


Horizon 


+ 5.9 



Nailir 







We Rliall use, then, in tlio following reductions the empirical formula — 

T=zt+b cos i: 
where 

h = the correction (always additive) to the reading of either thermometer receiving heat 

from a zenith sun, to reduce it to what the thermometer would reconl if receiving the 

same heat from a nadir sun; T = the corrected reading; t = the observeil reading. 

It may be observed that, if this correction be neglected, not only will the direct observation 
be too small, but as a noon observation in this case is small relatively to an afternoon observation, 
the resnlting heat outside the atmosphere (as determined from the two) will be smaller iu an 
enhanced degree. 

Per cent. 

Taking the high sun's mean noon zenith distance at Lone Pine, 26^ 22' b x cos J C = 8. 08 

Taking the low sun's mean zenith distance at Lone Pine, 65° 45' b x cos J C = 6. 97 

Taking the high sun's mean zenith distance at Mountain Gamp, 26° 22' b x cos J C = 8.08 

Taking the low sun's mean zenith distance at Mountain Gamp, 63^ 21' b x cos i C = 7. 06 

Third actinouieter correction (correction C) — Determination of the amount of heat lost through its im- 
perfect absorption by thermometer bulb. 

This imperfect absorption is due to various causes, and firstly to the fact that lamp-black, 
though the best heat absorber known, is yet partial iu it« action, selecting the short wave-lengths 
more than the long, so that an ordinary blackened thermometer bulb is probably less sensitive to 
a given amount of heat of great wavelength, (extreme invisible or dark heat rays,) than to the same 
amount of visible heat, as Tyndall has pointed out. 

We know little about the matter, physicists being accustomed, save in exceptional instances, 
to treat the lamp-black with which their thermo-piles or thermometers are e-overed, as a perfect 
absorbent, or at least as an indifiierent one. Some experiments of our own, however, indicate that 
its absorption of certain radiations is selective in a high degree, but as these are not yet complete 
we can only conclude that the correction will be additive and that were it applied, the general re- 
sult would be to increase in some small but perceptible degree the value of the solar constant. 

Beside the effect of selective absorption we have that of reflection (also to some extent select^ 
ive), as the spherical form of the bulb causes the rays which fall nearly tangentially to the sphere to 
be more reflected than those which strike its surface normally'. To determine the amount of this 
latter effect a special thermometer with a hemispherical lamp-blacked bulb, 0.942 cm. in diameter 
(** Green 5314") graduated to one-tenth degree Gentigrade, was designed for use in the large Violle 
actinometer. It was at first thought that by reversing the bulb, so as to expose alternately the 
flat and rounded surfaces, when the maximum excess of temperature was attained, a diflference of 
reading might be detected, owing to the diminished loss by reflection with a flat surface. Upon 
trial it was found that the highest temperature attained with full exposure to the sun (averaging 
14^ G. above that of the inclosure) the gain by the nhe of the flat side of the bulb over the hemi- 
spherical surface was only 0o.02. This is probably owing to the flat side of the bulb being neces- 
sarily (from the mode of construction) thicker than the other, whence a greater amount of heat is 
retained by the glass of the fiat side and slowly \ielded to the mercury by conduction and convec- 
tion when the flat side is turned down, thus (*x)mpensating in a great measure for the diminished 
ab8ori)tion of the hemispherical surface. 
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There remjiined one other method, namely, the direct measurements of initial rates with alter- 
nate surfaces. 

On Juno 20, 1882, measurements of this character were made at noon, tlie sky being a good 
blue, with occasional cumulus clouds. 

[Initial rate i)er minute from direct measurement. Thermometer "Green 5314" in large acti- 
nometer case. JStation, Allegheny. Observer, F. W. Very: 

Flat side np. Round side up. 



70.4 


70.2 


7 .8 


7 .15 


7 .0 


7 .2 


7 .85 


7 .3 


7 .2 


7 .1 


7 .86 


7.8 


7<^.48 


7^29 



From six pairs of measurements, the exposures being separated by an interval of only a few 
minutes and the sky apparently continuing Uniform, it was found that the initial rate, being 1^,29 
with the round sitle up, a gain of (P.19, or 2.6 per cent., was obtained by using the fiat side. This 
value +0.026 is therefore adopted as tLe factor for the ascertained part of " correction C." 

Determination of the actinometer correction Jor vnfinished ejcj^otfure (correction D). 

The actinometer thermometer, when used in the present method, should be one with a bulb 
sufticiently small to rapidly attain its temi>erature of equilibrium. The Baudin thermometer, used 
in the large actinonu ter No. 1, nearly fulfills this requirement when the exposure is prolonged to 
fifteen minutes, as lias usually been done ; but the Green thermometers, used in No. 2 and No. 3, are 
so large that fifteen minutes are not enough to wholly establish equilibrium. Both the heating ami 
cooling curves .ire therefore incomplete; and, as will be seen by an inspection of an}' good set of 
curves, the value of Hq^ obtained by taking the sum of a pair of incomplete heating and cooling 
curves, will be slightly smaller than that from the same curves cx)mpleted. 

Hence an additive correction must be made to the results of all observations with actinometers 

Nos. 2 and 3, whenever the time of exposure does not exceed fifteen minutes. The value of this 

connection has been determined from simultaneous observations carried on at the same station with 

actinometers Nos. 1 and 2. 

Table 95. 

Synchronotis comparisons of actinometers. 



Station. 



Lone Pine . . . 

Lono Pino . . . 
' L(»ue Pino . . . 
' Lone Pine . . . 
' Ixnie Pine . . . 
1 Lono Pine . . . 
! Ix)ne IMue — 
! Lone Pine — 

Lone IMne — 

Allesbony — 
Allegheny — 
All«*gbeny — 
AUogbeny — 



Dato. 



Hoar. 



1881. I h.m. A. tit. 

Anguat 3 • 7. 30 to 8. 00 

AnguAti ; 7.00 to 7.30 

August 4 ' 7.80 to &00 

AugUHti I 4.00 to 4.30 

AugU8t4 4.30 to 6.00 

Augusts ' n.30 to 12. 00 

Augusts 12.00 to 12.30 

Augusts ! 4.00 to 4.30 

Augusts 4.80 to S. 00 

1882. • 

March 17 ' 1.10 to 1.42 

Man-h21 10. 2S to 10. 67 

March 23 n.21 to II. S3 

March 29... I 11.48 to 12. 20 



Means 



Aotinomotcr 


Actinometer 


No. 1. 


No. 2. 


CaL 


Cal 


1.353 


1.328 


L333 


L250 


L423 


L33-J 


1.248 


1. 210 


L233 


L198 


I.SSS 


1.454 


1 494 


L488 


0.942 


1.047 


.0.995 


LOOO 


0.682 


0.563 


1. 105 


Lost 


1.081 


0.946 


L2a7 


L007 


1. 207 


1. 145 i 



From the above comparisons, it is found that to re<luce observations from incomplete series 
with actinometer No. 2 or No. 3 to the effect which would have been observed with the fullest ex- 
posure, a correction of + 5.4 iH?r cent, must be added. The actual value of *' correction D," here- 
after used, is but 3 i>er cent.; accordingly, so far as this is concernetl, our resulting values of the 

solar constant will be too small. 

It will be observed that all our corrections have thus far been additive, that is, they have in 

every case increased the final ivsult, and not diminished it. A reason for this predoiniuauoe of ad- 
ditive corrections is to be found in the universal tendency to the dissipation of thermal energy. 



ACTINOMBTER CORRECTIONS. 109 

We take such precautions as we cau to prevent the loss of beat, and nevertheless at every step of 

the process, heat is lost, for the purpose of our measurement, without any compensating gain. 

Usually in an investigation, the neglected minute instrumental errors tend to compensate each other. 

Here and for the above reason, all, or nearly all, the instrumental errors have the same sign. We 

have considered others too minute or too difllicult to determine quantitatively with the same result. 

There is another class of errors, however, to which this remark does not apply, and which we now 
investigate. 

Determination of the correction for variation of atmospheric pressure (correction E), 

A fifth correction (correction E) arises from the fact that beside the cooling of the thermometer 
from radiation, it loses heat by contact with the air, and more rapidly as the air is denser. 
Accordingly, other things being equal, the rate of loss of heat for a given excess of temperatui-e 
will be less on the mountain (where the barometric pressure is less) than at the sea-level. 

To determine this correction, the bulb of the thermometer was sealed witliin a small copper 
globe two inches in diameter, blackened within, and from which the air could be exhausted by a 
SprengePs pump. 

First, the globe being filled with air at a barometric pressure of 731 mm. (that prevailing at 
the time of the experiment at the station, Allegheny), was cooled during 15 nn'nutes from a tern- 
j)erature of excess of 17° to an excess of little more than (P, and then the best vacuum attainable 
by the use of ihe Sprengel's pum]) having been made in the copper globe, the same exjieriment 
was repeated. The exi)eriments were so conducted that the rate of cooling for each degree of 
excess could be determined with accuracy. A more particular account of them will be found 
under another head. (See Appendix.) 

The curves by which they were originally represented are not here given. By measurements 

dy 
taken on the larger original sheets, we find — ^^ for various temi>eratures of excess (t. e., the rate 

of the thermometer's cooling according to its excess over the temperature of the globe) in vacuo 
and in air, at a pressure of 731 mm. From a comparison of these results, we obtain the loss by 
convection in air at this pressnrcj, for various tempenvtures of excess. Thus with an excess of 10°, 
the convection amounts to 27 per cent, of the total loss; for 5°, 19 per cent.; for 2Jo (which may 
be taken as the average excess of the sun thermometer during its first minute of heating), 13 i>er 
cent., which is very nearly the value of *' correction A." ** Correction A," then, rei^resents nearly 
that part of the loss, due to correction. We shall assume it to do so exactly. It is not certain that 
the diminution of convection is directly proportional to the i)ressure, but experiments rather indicate 
that for moderate pressures the diminution is less than for very smaft ones. If we treat, then, 
the diminution as proportional to the pressure within the range of these experiments, we may con- 
clude that we have rather over than under estimated the amount of the correction itself. 

The mean reading of the barometer at noon at the Mountain (3amp was 502, which is 23.3 mm. 
below 735, the average pressure of the air at Allegheny. We have, then, the pro^wrtion 

735 : 233 :: A : E 
whence E = 4.4 i>er cent. 

This value of E is probably too large, hence since its sign is negative, we rather under than 
over estimate the resulting value of the solar constant. 

This correction has been taken account of by M. Soret, but, like all the preceding, has been 
omitted by M. Violle. It is the only considerable correction whose sign is negative. 

Taking into account that the effect of this is to diminish correction A, we find that, if we 
express it here as an independent correction (E), we have 

For Lone Pine, E = - .014 

For Mountain Camp, =; — .044 

Determination of the actinoineter correction for sky radiation [correction F). 

This correction must be subtractive, since the actinometer has iuclu<le<l a part of the radiation 
from the sky about the sun with that from the sun itself. 

In connection with the actinometric observations, photometric measures of the intensity of the 
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ligltt reflected from tbe portions of the sky in the iminetliate vicinity of the sun were made both 
iit Lone Pine and Mount Whitney, in order to determine tbe correction to be applied to tbe acti- 
noini'ter rending on ncconnt of tlic reflecte4l radiation. 

XTIicse nivafiarenieuts were effected by means of an apparatus designed 
for the purpose, and which we will here name "the comparator." It con- 
sists of a wooden box (Fig. 0) 100 cm. long,10 cm. wide, and 10 cm. deep, 
btackeno^ on the inside, and provided at the ends with small astronomical 
telescoiK38, S L, S" U, whose eoninion optical axis is parallel to the central 
line of the box. M and jV are plane glass mirrors, silveretl on the front 
face, each capable of rotation in two directions about axes, one axis beiug 
l>eq>endieidar to, and the other coinciding with, the longitudinal axis of the 
1h)x. M' is provided with a tangent screw, with graduated hea<l, so that 
it may be moved through any desiretl angle, in onler to bring into view tbe 
part of tbe sky which ia to be compared with tbe suu. B is the screen of a 
Bunsen photometer, Iwth sides of which, by means of two mirrors iuclined 
at a suitable angle and placed below tbe screen, may be viewed by an eye at 
E. This screen is attached to a sliding piece, so that it, together with the 
viewiiiga|ierture£, may be placed in any position bntween/.'andl', its place 
l>eing wad by an index and centimeter scale ou the oiitside of the box. 

By means of this arrangement, the intensities of light from two lu 
minouH objetrts, reflected by means of the mirrorH M aud M' into the box, 
may l>e dii'ectly compared. Tlie lenses L and L' should be focused so that 
an image of the object is formed on either aide of the screen when placed 
midway between them. The screen is next to be moved until the two sides 
appear equally bright. Then, assnming that the hght« from L' and L are 
equal when the telescoi>es are directed on the same object by means of the 
mirrors, light from L' : light from L :: LIP : L' I?- 

When the light from tbe sky is compared with direct sunbgbt, the 
latter must be greatly diminished in order to make an observation possible. 
The original appanitus was provided witli a system of uusilvered reflectors, 
to be placed between S and L, for this purpose; but on trial this was found 

1Y' to effect too great a diminution of light, and a cap, pierced with a small 

circular aiierturc to cover the objective S, was substituteil for it. 
- •iMt m = the ratio of the intensit,v of light from the solar lens to that 

from the sky-lens, when both are directed on the sun, and a = the ratio of 
the amount of light from the solar lens with diaphragm to the amonnt with 
full ai>ertare. If, then, the intensity of solar light from the sky-lens be 
. taken as unity, that ftttm the solar lens will be m a. Let 

L = the intensity of light from any part of the sky, relatively to 

that from the sun ; 
P = distance f^m focus of sky-telesco[>e to point of equal illumina- 
tion ; 
Q= distance from focus of solar-telesco)>e to point of equal illumina- 
tion. 
Then, since the lights which have come through the leuses are propor- 
tinnal to the squares of these distanves, 



In order to determine tbe value of a, the sky-telesco|>e and mirror were Atte<l on the end of 
a piece attacli«l to the box, so that sunlight from the sky-lens, with full aiwrture, became suffi- 
ciently eiifeebleil by distance U> be directly cumpured with the light from tbe sun-lens with the 
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small aperture. Tn tbis way it was foimd tbat a = 0.0050. It was also found by direct observa- 
tion that w = 1. Therefore, for the comparator used, 



L = .005 






Example of the reduction of comparator obavrvations. 

[StoHon, Lone Pino. Observer, Mr. G. F. Davidson. Dato, Angust 5, 1881. On this day the n\adinf; of tbi^ solar lens was 54.4 cm. ; sky 

lens, 2.5 cm.; P4-Q=51>9 cm. J 



Reading 19.4 



Distance from sun's limb. 



i diam. ' 1 diam. 






16.9 

35.0 

285.6 

1225 
.001162 



2 diam. 



Time. X 



16. 2 12. 

13. 7 9. 5 

3&2 42.4 

187. 7 9a 25 

1459 1798 

000642 > .000250 



2idiam. 



11.6 

9.1 

42.8 

82.81 

1832 
000225> 



7^ 08» to 8^ 10" a. m. 



Beading 






19.5 

17.0 

34.9 

289.0 


17.2 

14.7 

37.2 

216.1 


12.4 

9.9 

42.0 

98.01 


11.2 

8.7 

43.2 

75.69 


1218 
.001184 


1384 
.000779 


1764 
.000277 


1866 
.000203 



11^ 50- a. m. to 12^ 46- p. m. 



The afternoon observations of this date (August 5) are very iini)erfect, but show a great 
increase in the sky illumination, caused by the presence of haze around the suii. 

The above example will indicate the mode of observation and reduction for each day. The 
results are given in the following table. They are not corrected for diffused light (t. e., nonsi>ec- 
ular reflection) in the mirror. 

The silver of the mirrors, however highly polished, does not ]>OHsess absolute specular reflec- 
tion, but its surface, with the help of the nearly invisible dust particles, whicb are incessantly de- 
posited everywhere, diffuses a certain amount of light, which is added to the sky light. This as 
negligible until we approach within a solar diameter of the solar limb. We have, from this iwint 
up to the edge, an increasing amount of light entering the instniment, along with that from the 
sky, but which has been directly received from the sun. Tbe consequence is that the results here 
given for sky radiation within half a degree of the sun are too large; but, owing to the difficulty 
of determining quantitatively' the amount of this excess, no correction for it has yet been applied. 
It may be observed, however, that it is probably owing to the absence of such a correction that tbe 
observations appear to show much the same sky radiation immediately around the sun on the 
mountain as in the valley. The absolute difference is very small, but the relative one is large, 
and becomes most manifest very close to the sun, for the diffusion has added a constant quantity 
to the sky heat close to the sun on mountain or in valley, and hiis thus made the ratio of these 
values approach unity. 

From the following photometiic observations, there api)ear8 to be in the clear air of our sta- 
tions no very great difference in the intensity of sky illumination at noon from that at the time of 
morning and afternoon observation. In determining the correction to be applied to the sictinom- 
eter readings for the heat reflected from the regions immediately surrounding the sun, therefore, 
the mean of all the photometric measures will be taken. 
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Table 96. 

LoNK Pink. — Summary of comparator observations. 



Distance from Ran '8 limb. 



Time. 



I diam. 1 diam. 



2 diam. 



Aiif^ost 3, noon 001160 .000464 

3,p.m ' .001120 1 .000603 

3,a.m 000500' .000820 

4, a. m .0004411 .000257 

4,m .000736 .000306 

4,p.m 001028 1 .000513 

6.a.ni .001162 .000642 .000250 

5, m 001184, .000779 1 .000277 



MoanvalDoaofL .001173 i .000801 



000374 



.000275 



2i diam. 



.000342 
.000454 



3 diam. 



.000186 |. 
.000186 |. 
.000329 ;. 
.000225 I. 
.000203 I. 



.000199 



000199 



Table 97. 

Mount Wiiitney. — Summary of comparator observations. 



Time. 



AuKUHt20, m... 
21, a. m 

21. p. m 

22. a. m 



Distance from son's limb. 



I diam. 



.001248 
.001123 
.001204 
.001162 



1 diam. 



2 diam. 



.000642 I 
.000681 I 
.000736 I 
.000681 : 



.000250 
.000166 
.000291 



MeanralnesofL I .001184 ' .000685 .000236 



From these mean values curves bave been plotted, as given on Plato VII, wbere tbe unit of 
len^^b on tbe abscissie is a solar diameter, and tbe ordinates denote intensities of sky illumination 
expressed in units, eacb of wbicb is y^j^^ of tbe mean solar luminosity. Tbe central column, if 
prolonged to a beigbt of 1,0(NI units, would represent tbe direct radiation from tbe solar disk, and 
tbe curves sbow tbe diminution of sky radiation at various distances from tbe sun's limb. 

Determination of the actinometer correction from the above curves for Lone Pine and Mount Whitney 

observations. 

If tbe curves are rotated about tbe axis of Y, tbe amount of ligbt emitted by tbe sun will be 
represented by the volume of tbe cylinder described by the two lines representing tbe boundaries 
of tbe sun's disk, whose equations are y= J and y= —J, or calling the height 1000, \ nx 1000; while 
the volume of tbe solid, included between the plane of tbe svxis of A' and the surface describe<l by 
the curve, will represent the amount of light received from adjacent portions of the sky. 

The curve of observation (uncorrecteil for diffused light) coincides quite closely with an equi- 
lateral hyperbola whose asymptotes are the lines ar=— i, y=— J. Tbe equation of the equilateral 
byiierbola referred to its asymptotes is 

a* 

071/=- 

^ 2 

By measuremeut a=1.9, whence the equation referred to tbe lines 0?=— :l, y=— :i (the dotted 
Hues of the figure), is 07^=1.805. 

Transferring to tbe origin 0, whose co-ordinates are 0?= + J, ^=+}, 



or 



(^+i) (y+i)=1.805 
1.805 . 




I 



II 
I 

I 
I 
I 
I 






...i >-■ 

MT.WHITNCY 



.[ 




ALLCCHCNY 



PLATE VII. 
COMFVkRATOR CURVES 



^ 
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The dotted line shows the locus of this eqaatiou. The volame generated by this carve may be 
considered to be made ap of elementary cylindrical rings whose circamference is 2 ;r x, whose thick- 
ness isdXj and whose height is y. Therefore/ 

V=2 n i xy dx. 

Taking the limits of the equation, X=^, and X=4, the volame becomes 

V=3.61*^ ^-^l £ X dx=\sM n [x^i loge {x+ i)] -^-]'^ 

a?=4, ¥3=10.44 7r-..9025 TT loge 4,25 
a?=J, Vi= 1.74 jr-.9026 TT loge 0.76 

V = V2-Vi=8.70 7r-.9026 n (log^ 4.25-.loge .75) 

V = 8.70 7r-.9025 n loge |||=8.70 fr-.9026 tt loge 6.667=22.41. 

The volume of the cylinder is 250 7r=785.2; hence sunlight : skylight= 785.2 : 22.41=1 : .0285. 

The curve of sky illumination on Mount Whitney does not differ greatly from that at Lone 
Pine. Eeferred to axes whose equations are x= —J, y=— J, it is nearly represented by the equa- 
tion xyssl.S05y the same that has been used to represent the Lone Pine curve. The only no- 
ticeable difference is that it approaches closer to the axis of X at a distance from the origin. The 
volume of the curve generated by its revolution is therefore somewhat less, and consequently the 
derived actinometer correction, expressed as a quantity to be subtracted, will also be smaller. If 
the total light received from sun and so much of the adjacent sky as radiates to the thermometer 

bulb at Lone Pine is represented by 10,285, that from the sun is 10,000 ; hence ^-r?^=.9725 is 

the fraction of this total amount due to the sun alone. This is the actinometric corrective factor 
F as determined from the Lone Pine and Mount Whitney observations. We next give the results 
of similar determinations at Allegheny, a hazy sky being chosen to determine an extreme value for 
the correction. 

Comparator observations of October 3, 1882, nutde at Allegheny. 

[J. E. Keeler, obseirer. Brilliant luuse around the son ; sky very hazy and smoky. Simultaneons observations made by Mr. F. W. Very with 
the Urge VioUe aotinometer, f^ve the following results ; the instrumental actinometer corrections hare been applied.] 

Cal. 

Expoeare to sun from 11^46™ a. m. to 12^02'" p. m., radiation =0.545 

Exposnre to Bun from 12 .13 p. m. to 12 .29 p. m., radiation =0.736 

Exposare to sun from 12 .91 p. m. to 12 .57 p. m., radiation *. =0.791 

The observations with the comparator, made at different times, seem to indicate no similar pro- 
gressive change in the sky illumination, and therefore the means of observations made at the same 
distance will be taken. 





Distance fh>m the snn's limb. 




Idiam. 


1 diam. 


2diam. 


5 diam. 


13 diam. 


Time 11\ 30- to llV 40- a. m. 
Time 12. 06 to 12 . 14 p.m. 
Time 1 . 30 to 1 . 43 p. m. 

Mf^ms ...... t.. ......... 


27.6 
26.1 
28.1 


21.4 
22.3 
2L3 


16.5 
16.0 
16.0 


1L5 


10.2 










26.6 


2L7 


16.5 


11.5 


10.2 




Bedaction of observations of October 3, 1882. 


p 


25.0 

27.2 

025 

739.8 
.004214 


20.1 
32.1 
404.0 

1030 
.001056 


14.9 
87.3 
222.0 

1301 
.000706 


0.0 
42.3 
06.01 

1780 
.000273 


&6 
43.6 
73.06 

1001 
.000104 


Q ^ 


jt:;::::;::::::;:::::::::::::: 


Q« 


z. :.:.:::: 
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Observations tvith comparator at Allegheny October 4, ltr82. 
[Sky, dense uniform bazo, mainly prodttc<^ by smoke. -Observer, J. E. Kocler.] 



Full apcrturos on 
both lens. Com- 
parison of solar 
images. lO^* a. 
m. 


1 

Small diaptiragm on sun-lens 

! a. m. 


11^05- 


2a 5 
27.3 
28.5 
2a4 
27.8 


27.9 
2a 5 
2a4 

2a 6 

27.3 


1 Distances from sun's limb. 


4diam. 


1 diam. 1 1 diam. 

1 


2 diam. 


28.1 


2ai 


33.0 
31.0 
32.0 


30.0 
31.5 
29.0 


24.5 
23.8 
22.0 


ia5 
ia8 
ia4 


Mean 


32. 30. 2 


23.4 


lao 


Koduction of observations of October 4, 1882 


• 


P 

O 


1 

30.4 
21.8 


2a6 
23.6 


21.8 
30.4 
475.2 

924.2 ' 
.00256 


17.0 
35.2 
289.0 

1239 
.00116 


?».:::::::;;::;;::: 


924.2 

475.2 
.00970 


8iao 

557.0 
.00732 


Q« 


f ::.....:.::.:.:.. 









Actinometer correction for Allegheny obHcrvations, 

In determining the actinometer correction for Allegheny, the curve of sky illnmination from 
the observations of October 3, 1882, is used. It is sufficiently nearly represented by a hyperbola 
whose asymptotes aitj iC=+0.4, y=— 0.2, and whose transverse axis is 2.12. Its equation, referred 
to these asymptotes (dotted lines in figure 3, Plate VII), is x y=2.247. 

If in this equation a?=0.1, y =22.47. The hyperbola therefore cuts the line, 0?=^, at a consider- 
ably higher point than the curve of observation; but on the other hand it lies nearer to the line 

than the latter. Referred to the axes drawn in the figure, the equation becomes y= - — . 2, the 

X — .4 

locus of which is represented by the dotted curve. If revolved about the axis of Y, it describes a 

solid whose volume between xi and o^ is 



=2 n I xy 



d X 



a 



2 



If the hyi>erbola x y=^-,p be transferred to a new origin a?=jp, y=fl', its equation becomes 



(^+p) (y+3)= 



a' 



whence 



y= 



a 



2 



2(07+1?) 



-3 



and if rotated around the axis of Y, the portion included between the axis of X and the curve and 
the two ordinates at Xiy X2 will describe the volume, — 

*^xdx 



V=2 TT jxy dx=7ra^ I ^rj— 2 nq j xd x^rTta^fx—p log, [x+p]\—7t qaiT 
= ["4.494 TT Cx+A loge f.T-.4A-.2 7t 0^1 



6.0 
.5 



where a=2.12, p=z —0.4, and /y=0.2. Taking the limits a?i=0.5 and ir*=5.0 . 

V2=17.47 7t +1.798 7t loge 4.6 Fi=2.20 n: + 1.798 tt loge 0.1 



whence 



Vj- Vi= V=15.27 ;r+ 1.798 7t log. 4.6 

F=69.55 
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The volume of the cylinder being as before, 785.2 

sunlight: 8kylight=785.2 : 69.55=1: 0.0886 

whence the actinometer corrective factor=;p— -— =.9186 for Allegheny observations. 

The angular apeitures of both large and medium diaphragms, used on the small actinometer, 
are so great as to include all of the portion of the sky within the limits of the integration — that is, 
the correction is the same for both apertures. Owing to diffused light from the sky-lens, mirror, 
and telescope-tube, these factors, namely, .9725 from the Lone Pine observations and .9185 from 
those at Allegheny, are probably somewhat too small; that is, they should be nearer unity. 

The following subtractive corrections for sky radiation were finally adopted after comparisons 
of all available observations, both from those made with actinometer and comparator at Lone Pine 
and Mt Whitney, and also from those obtained with the same instruments at Allegheny, after 
applying suitable corrections for the Allegheny sky. ' 

Correction P. 

For Lone Pine at noon =—1 per cent., with low sun =—2 per cent.; for Mount Whitney at noon 

=0, with low sun = — 1 per cent. 

Summarizing the preceding statements, we have the following adopted values, expressed as 
multiplying factors, where c is the effect of the solar heat, a& directly determine<l by the glol>e acti- 
nometer through the method proposed by M. Violle. As some of the factors change with the alti- 
tude of the sun, the final correction will differ slightly according as the observation is taken at 
high or low sun, and at Lone Pin«^ or Mountain Camp. 

Table 98. 





Lone Pino obseryationB. 


Mountaiii Camp oba«)rvationii. 


High sun. 


Low san. 


High san. 


Low 


sun. 


CoiT. A 


- 


h.l38c 
-.081 
-.026 
-.030 


-.014 
-.010 




hl38c 
-.070 
-.026 
-.030 


-.014 
-.020 


+.1880 
-f.081 
+.026 
-f.030 

-f.275 


-.OU 
-.000 


•f.l38o 
+.071 
+.026 
-f.030 


-.044 
-.010 


Corr. B 


Corr. C 


Corr. D 


Corr. K 


Corr. F 










+.275 


-.024 


+.204 


-.034 


-.044 


•f.265 


-.054 




-+.261C 


+. =230c 


=-f.231o. 


=+.211 c. 



We have then a mean additive correction of about 23 per cent, as the result of all the pre- 
ceding investigations, as the least we can assign. In passing, however, from the " uncorrected^ 
to the "corrected" observations, we use the exact values above. The final values in the '* sum- 
maries of actinometer observations " arc obtained by applying the above corrections to the values 
in calories determinwl from the initial rate (m^o) of each day, and the water equivalent of the 
thermomet(3r use<l. 



CHAPTER IX. 



SUMMARY OF RESULTS. 

In this summary we have selected the two clearest and best days of synchronous observation, 
viz, August 23 and August 25, for separate reduction. The meaning of the symbols is Mi;9i, the 
air mass traversed at noon ; M2 ?%^ the air-mass traversed at morning or evening, obtained from the 

formula M= sec. C, for zenith distances less than 65o, and from M=-^'^^^ ^ tabnlar^refraction 

Cos. Appt. Alt 

for those greater than ^^ ; {i the barometer in decimeters ; where n, for brevity, is put equal to 

7 fi 
.QT-^ — '- — =rj-^ ; C, and C,„ the values in calories at high and low sun respectively : a the coeflBcient 

^11? It — ^/'^' 

of transmission for an entire atmosphere of T.G"^"" ; E the solar constant expressed in calories. Be- 
sides these two days all the noon observations at Lone Pine have been united for comparison with 
all the morning and evening observations. In like manner the observations at Mountain Gamp 
are reduced, and the noon observations compared with the mean of morning and evening. 

Table 99. 



R&di\kci\o% of Lone Pine actinometer observations. 
COMPUTATION OF a. 



Data. 


Morning and noon. 

• 


Evening and noon. 


From ob> 

servations 

of August 

23. 


From ob- 
servations 
of Angnst 
25. 


From mean 
of all ob- 
servations. 


From ob- 
servations 
of Angnst 
23. 


From ob- 
servations 
of Angnst 
25. 


From mean 
of aU ob- 
servations. 


it-:::::.::: 

M,A,-MA 

n 

c„ 

c. 

LogC.. 

Lou C» 


16.76 
7.37 
&30 
0.006 
1.406 
1.760 
0.1740 
0.2456 
-0.0706 
-0.0640 
0.0358 
0.8626 


ML 38 
7.30 
8.00 
0.845 
1.643 
1.740 
0.1884 
0.2428 
-0.0544 
-0.0460 
0.0630 
0.8003 


17.57 
7.40 
10.17 
a 745 
1.508 
1.707 
0.1784 
0.2322 
-0.0538 
-a 0401 
0.0500 
0.0120 


16.00 
7.37 
&62 
0.882 
1.437 
1.760 
a 1575 
0.2455 
-0.0880 
-0.0776 
0.9224 
0.8364 


16.63 
7.39 
9,24 
0.822 
1.410 
L740 
a 1402 
0.2428 
-a0936 
-0.0760 
0.9231 
0.8378 


15.25 
7.40 
7.86 
0.968 
L897 
1.707 
0.1462 
0.2322 
-0.0870 
-0.0842 
0.0168 
0.8288 


JjogC-logC,.... 

Loga ' 

Tab loga j 

a 1 

1 



Table 100. 

COMPUTATION OF E. 



Data. 



W 

I Mi 
7.6 

i Log a... 

ij^'^'if^ 
iLoga^J 



Angnst 23. 


Angnst 25. 


Mean of all observa< 
tions. 


From mean 
of morning 
and even- 
ing obser- 
vations. 


From noon 
' observa- 
tions. 

1 
1 


From mean 
of rooming 
and even- 
ing obser- 
vations. 


From noon 
observa- 
tions. 


From mean 
of morning 
and even- 
ing obHor- 
vations. 


From noon 
observa- 
tions. 


15.87 


7.37 


1&50 


7.30 


1&41 


7.40 


2.00 


.07 


2.17 


.97 


2.16 


.98 


0.1662 
-0.0708 


0.2456 
-a 0708 


a 1688 
-0. 0614 


0.2428 
-0.0614 


0. 1618 
-0.0621 


-0.0621 


-0. 1480 


-0.0687 


-0.1332 


-aOGOO 


-0. 1341 


-0.0600 


0. 3142 
2.061 


0. 3142 
2.061 


0. 3110 
2.046 


0.3024 
2.006 


0.2950 
1.070 


0.2931 
1.964 



Computer, A. B. S. 



116 



SUMMARY OP BBSULTS. 



117 



Table 101. 

BetulU o/ZoM PiiM aoMNOMeter redHetiont. 



1 

Diitea. 


a. 


S. 


Morning 
and noon. 


Evening 
and noon. 


From mean 
of morning 
and eren- 
ing obser- 
vations. 


From noon 
observa- 
tions. 


AQgii0t23 


0.8626 
0.8903 
0.9120 


0.8864 
0.8378 
0.8238 


2.061 
2.046 
L976 


2.061 
2.006 
1.964 


Aaicost 25 


Mean of all obnervations.. 


Mean of Toanlts 

1 


0.8913 


0.8327 


2.028 


2.010 



Final means : a = 0.8620 ; JE = 2.019. 

Table 102. 

Redmctian of Mountain Camp aotinometer observations, 

COMPUTATION OF a. 



DaU. 



Morning and noon. 



From ob- 
servations 
of Angnst 
237 



^u Pti ••••••••■>■• 9. o2 

M,fi, 6.66 

Mti^ii^-VLfPf . . . ■ • . 4. 26 

n 1.79 

a„ L819 

C, 1.932 

LogO// 0.2508 

Logo, 0.2860 

Log O,/— log C/ .. . I —0. 0262 

Loga I ^0.0469 

Tabloga ' 9.9531 

a I 0.8977 



From ob- 
servations 
of Angnst 
26. 



10.26 
5.69 
4.66 
1.63 
1.746 
1.906 
0.2420 
0.2801 
—0.0381 
—0.0621 
9.9379 
0.8667 



From moan 

of allob- 

servations. 



10.72 
5.50 
5.13 
L49 
L752 
1.895 
0.2435 
0.2776 
-<).0341 
—0.0508 
9.9492 
0.8807 



Evening and nocm. 



From ob- 
servations 
of Angnst 
23* 



12.34 
5.56 
6L78 
1.12 
L639 
L982 
a 2146 
0.2860 
—0.0714 
-<).0790 
9.9201 
0.8320 



From ob- 
servations 
of August 
257 



13.40 
6.69 
7.81 
0.97 
L607 
1.906 
0.2207 
0.2801 
-<).0504 
-4). 0480 
0.0511 
0.8086 



From mean 
of all ob- 
servations. 



11.52 
5.60 
5.03 
1.20 
L586 
1.896 
0.2000 
0.2776 
—0.0776 
—0.1001 
9.8999 
0.7042 



Table 103. 



COMPUTATION OF E. 



Angnst 28. 



Data. 



From mean 
' of morning 
I and even- 
I ing obser- 
I vations. 



11.08 
1.46 

0.2372 



MB 

7.6' 

Log C 

Loga I —0.0634 

f? -4).0026 

7.6 I 

Log-K : 0.3208 

E ' 2.137 



Loga 



From noon 

obHorva- 

tions. 



August 25. 



5.56 
0.73 

0.'/860 
-<).0634 

-4). 0463 

a3323 
2.140 



From mean 
of morning 
and even- 
ing obser- 
tions. 



From noon 
observa- 
tions. 



11.82 

1.56 I 

0.2356 ' 

-0.0555 I 



5.50 
0.74 

0.2801 
—0.0555 



—0.0860 I —0.0411 



0.3218 
2.008 



0.3212 
2.096 



Mean of all observa- 
tions. 



From mean 
of morning 
and even- 
ing obser- 
tions. 



From noon 
observa- 
tions. 



T 



1L12 
1.47 

0.2217 
-4). 0764 

—0.1108 

0.3325 
2.151 



5.60 
0.74 

0.2776 
-4^0754 

—0.0567 

0.3333 
2.165 



Computer, A. B. S. 
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Table 104. 



liesultH of Mountain Camp actinometer reductions. 



n«t4«ii. 



a. 



MominK 
and noon. 



E. 



Evening; 
and noon. 



From mean 

of morning From noon 
and oven- \ obMorva- 
ingobaer- j tions. 
▼ations. I 



AuKUHt23 

A iijniAt *jrt 

M<*aii of all olMervationH. . 

Cleans of ivAulto — 



I 



0.«r77 
a866T 



0.8320 
U.MKt6 
0. 7M2 



2.137 
2.008 
2.151 



2.149 
2.095 
2.155 



0.8847 



0.8390 



2.128 



2.133 



Final moans : a = 0.8«i23 : B =2.131. 

The 8imii)taiio«nKs observations of August 23 and Aiigast 25, and the means of all observations 
at lione IMiie and Mountain Camp, were re<luced by the same method as the high and low snn 
olMu^rvations at each station, noon IxMng comimred with noon and evening with evening. Since 
the |mHM\ss has Immmi illustnited by the tables already given, we omit the lengthy computations, 
and simply give the results, as follows: 

Table 105. 

Ki*uUt from iAtmr IH»< amtt Mountain Camp comparatirt actinometer rfductioim, on the OMumption that atwto&pherie Ihinmim- 

«i<iN M the mimeahore the mountain om it is between Lone Pine and Mountain Camp, 

[Computer, A. R S. | 



£. 



Date*. 



Noon. Evening. Noon. Evening. 



Aufiiiit23 Q.C759 

AiigU4t25 ... a«9M 

M«*aB of all olMenatioiui . . Oi 6445 

Xeana of rrault* 0.6719 



0.7508 
aft4a9 
0.7731 



2.57 
2.49 
2.63 



2.56 
3.M 
134 



2.56 



2.85 



FUmJ 



fl=A.«9S: f=2.705. 



In iletlucing a valne of the solar constant by a comparison of ^fountain Camp and Lone Pine 
4>b^rv;itlons thn>ugli Pouillet^s fonnula, just employed, we have taken account only of the air- 
masses, ami have tacitly as^umeil that for the same air-mass we shall always have the same 
alt^wrption. If it wen^ tme that we hsul one al)6or|>tion for the air-mass between the top and 
bim«Hn of the mountain ami another and different al^sorption for an identical mass taken firom air 
aU^ve it« imr formula would not hohl gooiU hail it no other defect than this alone. Let as, then, 
eooii^r^ oK^rvatH>ns taken in the valley and on the mountain* when the mass of air was the 
ssiiue in ea^'h. At $«>iue time — late or e;irly in the day — on the mountain, in spite of the greater 
altitude, the mass of air tniver^^l must have been the same as at noon in the valley; and thoagh, 
as olie^rvations were mn incessant through the day on the mountain, none may have actually been 
■ukle at this instant* we e;in, nevertheless, by inter]>olation l^tween neighboring Talae«, obtain 
nearty as trustwt>rthy a result. Thus, if we represent the ol^i^^rvations of August 23d graphically, 
we tintl that at Lone Hue, rnxm, the air-mass wiis T.:^?"^"* and the oliservetl csiloried 1.760e. On the 
sane tiay, on the nKHintain, our inier|K>lation l^etween ctmtiguous values shows that equal air-maas 
w^HiM have been ol>ser\-e«l thnmgh at ^^'^ :il>" in the fort^mion and at 2^ ^%)* in the afteriKMMi, with 
a value of l.:^^ c. in the first c:ise and l.Sr»S c. in the seeond. It appears, then, from this day*8 
oUwrvatious that like ma^siies of air on the mountain transmit mt>re heat than those in the valley. 
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In other wot'(l», without regard to the greater rarity of the air ou the mouutaiii, but eonipar- 
iiig a giveu weight of it witli an equal ouo taken in tho valley, the former in, in a tjeusiblo tlwgree, 
more diatherinauous. If we repeat the experimeiit with tho observations of August 25, we have 
the foUowiug values : 

At Lone Pine, nooii air-mass =7.39; calories, 1.749 

At Moiuitaiu Camp, !).30 a. m air-maH«=7.3y; calories, 1.836 

At MoiiDtiiin Camp, 2.30 p. m air-maHB=?.3!> ; calories, 1.830 

Finally, if wu rupcut it for themeaus of all observations, we find the viilnes — 

Lone Pine, noon air-ma8S=7.4(>; calories, 1.797 

Mountain Camj), 9.31) a, ni air-nia8S:^7.40 ; calories, 1.842 

Mouutaiii Camp, 2.30 p. m air-mas8=7.40 ; calories, 1.784 

So that the evidence from the iiotinometer alone aii^iears to be conclusive as to the fikct that 
some ingredient present in the lower air, is couiiiarntivcly absent in the upper," an inference 
already drawn from our pyrlieliometer results. 

Oombiniug the observations just cite<l, and giving to the meiui of all double weight, we have 
the following, taking the mean of morning and afternoon valnes (for the reader will not have 
failed to remark that these values ou tlie mountain systematically differ for an equal altitude of 
the sun, the same mass of air being found always more diathermauous in the morning than in the 
atternooii). 

For same air-mass (7.30'"') at Lone Pine and Mountain Camp, we have at Iioue Piue, 1.73Ic} 
at Mountain Camp, 1.833c. Tho results for rarions air-masses are represented graphically in Fig. 10. 

It appears that in the valley as well as on the mountain, with the same air-mass, wo have 
greiiter diuthermaney in the morning than in tlie aDernoon. (See Fig. 11.) 

We have jnst found from the mean of alt our comparisons between observations on the mountain 
and at Loue Pine, noon lieing compared with noon and evening with evening, tho iu^tioometor value, 
2.Hioc, for the solar constant, but this was on the usual assumption as to the uniformity of the 
absorption of e<]ual air-masses, an assumption whose fallacy we have just ex{>osed. Reserving a 
fuller discussion of this point for the chapter on the siwctro-holometer, we may i)oiut out here a 
method of approximately correcting for the efiect of this diftereut constitution of like air-masses, 
with the least possible dependence on hypothesis- 
Knowing that tho air-mass alwve Mountain (Janip was of the same quality as that jmrtion of 
it included with the part between tho stations iu a Lono Piue observation, and knowing the com- 
parative transmissibility of two equal air-masses at Lone Pine and Mountain Camp, since the 
barometer gives us the air-mass above and below, we have suflicieut <lata for introducing two 
coefllcients of transmission. 

(In view of the large error which PouiUct's formula involves, irrc8pecti\-e of tho one wo are 
uow discussing, it does not seem expoilient to do more tliau approximately correct the last value 
of H, found by comparing observations at Mountain Camp with synchronous ones at Lono Pine. 

Let a, be the ooefDciont of ti'ansniission for the mass of air above Mountain Camp, (h that for 
the mass of air between Lone Pine and Mountain Camp. 

From the observed values of C given almvv we find the actual ratio of transmissibility at 
Mountain Camp to that at Lone Pine for the same air-mass, 

j^=1.0C (nearly). 

By the comparison of the two stations, the coefficient of transmission for the mass of air 
between them wivs found to be n,=().70; but a, is obviously larger than this in at least tho above 
ratio. 

In order, then, to fix a value of the coeffieient for the mass of air above Mountain Camp, n, 
may be multiplied by the ratio of transparency, 1.06, giving ai=0,70 x 1.00=0.74, With this and 

• See Jouniey t« Mount WLituey, imne 42. 
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the mean actiDometer reading at Mountain Camp in calories, (7=1.9, as arguments the value of E 
may now be determined. 

By actual computation we find E=2.SS2y a value which is perhaps as near the truth as we 
can reach by these methods, but necessarily much inferior to that which would be attained could 
we consider the effect of selective absorption. 

A very important piece of evidence which these observations at elevated and low contiguous 
stations have furnished is that the solar constant, as detennined by observations of high and low 
sun at one station, is too small. We say evidence, for, however we may have felt assured that 
this must be the case from indirect observation and inference, we could never, with a single station, 
have tested this conclusion as we can now ; for it will be observed that, with the values of the 
observed heat at Lone Pine, and the trausmissibility determined there, we can calculate the heat 
received at a certain considerable altitude — that of Mountain Cami)— and that by direct experiment 
we find it too small. 

Beyond this (with an exception to be immediately noted) the chief use of the elaborate deter- 
mination we have just made will, so far as the solar constant is concerned, be found in the ensuing 
chapters in connection with the work on the spectrobolometer. 

One most important conclusion remains, however, to be drawn, which must rest directly on 
the evidence of this globe actinometer. We have pointed out at the commencement of this chapter 
that, owing to the enormous difiference between the temperature of the sun and that which is 
familiar to us at the surface of this planet, the amount to which a body exposed to the direct 
solar rays will rise above thir temperature of its surroundings is, though rigorously speaking, de- 
pendent on the temperature of those surroundings, yet sensibly independent of them within the 
range of our experiments. This very important remark appears to have been first made by Water- 
ston, and has been confirmed by most careful experiment at the hands of others. According to 
Mr. Ericsson's exi)eriments, a difference of temperature of nearly a thousand degrees Centigrade 
made no sensible difference whatever in the excess, while M*. Violle (who argues for an extremely 
low temi>erature of the sun) admits that but a minute difference is observable within a range of 
lOOo C. We conclude, then, that if the temperature of our actinometer globe was that of the ab- 
solute zero, or — 273^ Centigrade, the thermometer in it would either give sensibly the same excess 
that it does now, or one but slightly greater. 

If our thermometer bulb were replaced by the globe of the earth itself, and if the walls of its 
chamber were represented by empty inter-planetary space, returning no radiation, (and in this re- 
spect corresponding to the actinometer walls at a temperature of — 273^), the temx)eratnre to 
which the sunward surface of the earth would rise, would be sensibly the same as that to which 
our thermometer would rise in vacuo, unless we suppose some source of heat for the earth's surface 
other than that contemplated in what has just preceded. Such other sources as we can suggest, 
namely, the internal heat of the earth, the friction of the tides, the dynamical effect of the fall of 
meteorites, the radiation from stars or dark bodies in space, &c., are absolutely insignificant in 
comparison with the solar heat, and the old idea of a '^ temperature of space" is founded, as we 
have endeavored to show in the case ot Pouiilet's celebrated value, on a supposed necessity which 
no longer exists.* It may be stated confidently that we have no reason to believe, from any ex- 



* I have luadc ox|)eriiuonts where possible, and calculatious founded on authentic data, which satisfy me of the 
tnith of this statetuent. I feel confident that the united heat of all the stars and planets cannot be represented by 
the ten thousandth part of our small calorie, or anything near as great. The dynamic effect of meteorites may per- 
haps be admitted to be the most important of those above cited, but this is demonstrably negligible in the present 
connection. 

I eaniiot here enter upon the results of the measurements of the heat of the heavenly bodies other than the son- 
bat as I*oulllet concludes that the heating effect of the stars alone is considerably over one small calorie per minute 
per miuare centimeter, it may lie well to point out some considerations which, to the reader who accepts the modem 
doctrine that light and heat are but different manifestations of a common energy, will prove perhaps as conclnsive as 
any -statement I could offer. 

The most rec«*nt and trustworthy comparisons of the light of Sirius with the light of the sun give the latter ap- 
proximately 4 X 10>", that of Sirius being unity, while that of the whole heavens visible to the naked eye is less than 100 
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periiueiital ovkletico, tliat the beat derived from all sonrccs besides the siiii is other than entirely 
negligible at thia stage of tlio inquiry. Tlioro is one impottaiit circumstance which causes the 
thermometer within the actinometer to attain a lower excess than the earth wonld in s[)acc, for our 
thermometer is losing heat by the conduction and convection of air about it, and space, outside the 
earth's atmosphere, we miiKt here consider as a void. I have made careful experiments on the heating 
and cooling of the thermometers used on Mount Whitney, by inclosing them in a vaciuim chamber 
and determining the rates of heating and cooling correapondiug to a given excess. These ex|)eri' 
meuts will be found detailed in the appendix. The result, so far as it aScctM our present pur[>nse, 
is that the rate of heating or cooling in vacuo is approximately proportional to the excess (as we 
might anticipate that it would bo from the approximate truth of Newton's law of radiation), and 
that the ratio of this rate to the excess is, though not strictly constant, yet approximately so; so 
that if, for instance, the excess is f°, the rate of its radiation at that instant in vacuo is O.lSffo per 
minute; whence it follows that if the initial rate be the highest admissible initial rate observed, as 
is shown, 5o.7, the final temperaliue of excess on Mount Whitney in vacuo would be 31o,7. A not 
dissimilar conclnsion was reached by M. Violle, who found that the final temperature of excess of 
his thermometer on Mount Blanc woidd have been, if in vacno, 29^.8. If we adopt, as we shall see 
reason to do later, a value for the solar constant nearly one-half greater than the highest observed 
heat on Mount Whitney, we shall conclude that the temjierature of final excess would be increaeeil 
iu like proportion, and be not far from 48'^ C. 

We have aeon, in the chapter on the ascension of Mount Whitney, that ;i8 the air grew rarer 
the temperatnre fell, though the sun's direct radiation increased, We might infer, then, from this 
primitive and common experience, that if the air grew rarer still, the temperature would fall still 
more, and that when air wtu altogether abatmt, the temperature of the enrlh under direct gvniikitie 
iciiuld be excessively lotc. We now draw further conclusions from the cxi>erimeuts with the globe 
actinomet«r, which wo have just detailed, and which show that a small sphere in full sunshine would, 
in the absence of any atmosphere whatever, attain a final excess of 48<^ above its surroundings; 
that the surface of the earth, were there no enveloping and heat-storing atmosphere, would (cut 
off, as it is, from heat within, and owing its temperature to the same conditions as hold in the case 
of our smalt sphere) reach only a corresponding excess above the temperature of its surroundings — 
in this case — 273°. In other words, I believe tliat if the atmosphere were wholly removed, the tem- 
,pexature of the earth, under the direct solar rays, wonld not be greatly more than — 225° C, and 
that the same result would follow if the earth, while still retaining that atmosphere, were deprive<i 
of the jjower of selective absorption which it now [wssessea. In my view, then, these experiments 
show that, after making every allowance for other sources than solar heat, the tom|>erature of this 
planet, and the existence of our own and all organized life upon it, is maintained in but slight de- 
gree by the direct solar rays, which of themselves are far too feeble to render fluid a planet of frozen 
mercury, but that the life of the globe is rendered possible by to this little regarded property of 
selective absorption in our atmosphere. 

1 expect to take an opportuuity elsewhere of enlarging upon the present remarks. 1 will at 
present only repeat that I consider that the temperature of tJie earth under direct sunnhine, even 
thotigh our atmosphere were present as now, wouUl probably fall to — 200° C if that atmosphere did 
not possess the quality of selective absorption. 



timea tliat of Sir i us. Acoonlinglj', a lifflit gruutortkauthatof all the BtandoTrn to tbe seventh mo^ituda ialemthan 
Tzzjx, tliut of tbe sun. Wn Uave ao valid reaH'in whatever, in the ligbt ot onr modem kDOwIed^, to sappoae tbnt 
the ratioof hIat light to ann light diffors niHterially fWioi tliat of sl»r heat to Hiin boat. If we ulmit that the heat of tbo 
BUD is liDt three calorifta, then the united heat of tbu ata-rs will bo reprosenteil by j...^('a1.,=U.0000000075,or macb 
luiu tlutn one erg. It will not materially liolp tbe vase of thnne who contend for a senaiblo heat of Ihe alura, if any 
atich ponona thurK be, to nasert Ibnt it cornea fn>m tboae beyonil the range of tbo eye of telescopic vision, unleaa they 
aw prepared to aaaert ibat there is not only a. aeuiiibto light, but n Urge degree of it, more than coniparable to that nf 
all naked-eye Btnra, from this wiircc, for I have found that the wonaitiveDoaaof tbeeye iaat leunl 10,000,000 timet tbat 
of oar most winaitive huat inHtrumont, whether tbermopile or bolometer. Aeainnt theeiiatenae of hypothetical dark 
boiliea in apace radiating heat auRicIeDt in qnantity to k« cooaidered bere, it would «oem to be qnite anperflaoiia to 



CHAPTER X. 



THE DETERMINATION OF THE SOLAR CONSTANT BY THE STUDY OF HOMO 

GENEOUS RAYS. 

I have repeatcMlly called attention to the fact tliat the exponential formula of Boiifjiier and 
Pouillet Btill in use (l=Ap ) is only applicable to an absolutely honiog:eneou8 ray, such as we 
cannot physically isolate, and 1 have added that if we apply this formula to <ictual observations 
with the thermometer on hip:hly comi>osite radiations, we get in every case, so far as the formula 
18 concerned, too small a value. If we admit that the solar radiation is of different wave-lengths, 
imssing from one to another by steps which we cannot consider individually (or at least can only 
consider as infinitely minute gradations), these statements are susceptible of rigorous demonstra- 
tion. To show this let us take up the demonstration I have given elsewhere* for a )>articular 
case, and let us first suppose, in acconiance with what has just preceded, that the original intensity 
of the sun or a stnr before absorption is represented by .4, and that p represents the fraction of the 
energy transmitted from the sun or star in the zenith, the mass of air above the sea-level being 
here taken as the unit of mass, and it being supi>osed that this air is everywhere of the same 
constitution, according to the ordinary theory. AVhen the energy is transmitted through one such 
stratum, what Wiis A has become Ap; when it is transmitted through two such strata, ^P^t 
through n such strata, Ap^\ and so on — a formula whose fundamental error lies in assuming this 
ccM^nicicnt of transmission p to be a constant, for the energj' of the sun or star, ^-l is in fact not 
homogeneous, butcomimsed of an infinite number of radiations, each of which has its own coeffi- 
cient of transmission. To eximmence with an ideally simple Ciise, let us supiK>se the energy to he 
really composed before absorption of two ]H)rtions, -.4 and B. Lt^t A have a si>ecial coefficient of 
transmissi(»n, a ; and B another special to itself, b. Then if we assume (scill for considerations of 
convenience only) that each of these portions is, separately considered, Inimogeneous, we may write 
down the ivsults in the form of two geometrical pn)gressions, thus: 

Table lOG. 

! Light tkHer ahstirption. 
! «k 1 I 1 C»»elWvient _ _ . 



i .1 ' ii .4(1 Aa^ Aa* 

\ It h Bb /{6» iTM 



Siiiii...4tK J« + /»^ .la«-Bb«> Art». itf.» 



.1 r if ^ .^.•f^'^ ^ Aa^-^Bb^ 



The fnietitms hen* an> the itH^tlicients of transmission, as deducetl fn>m observations at differ- 
ent zenitli distances. They evidently tUtt'er, and (as will l>e shown) each is largi^r than the pre- 
etnling. 

In the alnne table Aa-^-Iib is the sum of the two kinds of energy as observt^il, after absorp- 
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tion by one unit stratum (sec Z=l) by -the thermometer or photometer; Ad^+Bh^ is the sum of 
the enerj^es observed after absorption by two strata (sec C=2), &c. ; anct we are here supposed to 
know the really dual constitution of the energy, which the thermometer or photometer does not 
discern. According to the usual hypothesis, the coefficient of transmission, which is the quotient 
obtained by dividing the value after n absorptions by that after n — 1 absorpticms, or, more gener- 
ally, that from the expression 

(Value after n absorptions \^- 
Value after m atsorptionsy 

is a constant. It is, in fact, not a constant, as we shall prove later ; but we shall first show that 
if we proceed upon the ordinary assumption that it is such, the value obtained for the original 
energy of the sun before absorption will always be too small. For if we observe by a method 
which discriminates between the two radiations, we shall have, if we separately deduce the original 
energies from our observations of what remains after one and two absorptions. 



x='-'J4*,.„dB=(S 



Aa^ , "..« -- - ^^ 
whence the true sum 

while if we observe by tiie ordinary metho<l, which makes no discrimination, we shall have the 
erroneous equation 

^ "^ ^ - Ad'+ Bb^ 
which is algebraically less than the first or correct value 



^ + " = '^^ - '^i: 



For the expression 



{Aar 


+ 




(via + Bbf 
Aa^ + «ft* 


orin 




a* + fc'> 


2 aft 



readily reduces to the known form 

Moreover since o^ + 6* — 2ab = (a — b)^^ the error increases with the difference beticecn the coefficients. 
Now, in the general case, if we suppose the original radiation L to be composed l)efore absorp- 
tion, of any number of parts ^i, A2, iia, + . . . having re-spectively the coefficients of absorption 
«!, 0-2, ^3, + . . . the true value of L is given by a series of fractions which may be written in the 
form 

whereas the value of the original energy by the customary formula would be 

r 2 (Aaf 

^' = -:^Ai- 

so that all the quantities being positiv^e, by a known theorem L^Lu J*i>d for the same values of 
A|, A2, A3, . . . this inequality is gre^iter, the greater the ditterence in the values of the coeffi- 
cients «!, (I2, flr3, . . . But this is stating, in other words, that the true value found by observing 
separate coefficients of transmission are always greater than those found when we do not distinguish 
between the radiations of which the energj^ of the sun or star is composed. 
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We liave stated above that tlie usual hypothesis makes the coefficient of transmission a 
(Constant. It will be seen from the above tabh», however, that it varies from one stratum to the 
next ; that it is least wlien obtained by observations made near the zenith, and that it increases 
progressively as ice approach tlie horizon. 

For sin(^ a and b are less than unity, each of the sums A + B, Aa -h /?ft, &c., in the alwve 
table, is less than the preceding. 

It is also evident that their rat<3 of diminution decreases as w^e approach the horizon, since 

Aa*—Ad' > Aa^—Aa"" IW—Bh^ > Bb^—Bb* 

Bence 

{Aa^+Bb*)—{Aa}'+Bk') > (A(v'+B¥) — (Aa*+Bb*) 

conse(|uently the difference between the numerators gf two successive ratios, such as 

Aa^'+Bb^ Aa^+Bb^ 
Ad'+Bb'^Affi+Bb^ 

is less than that of their denominators. In other words, Jilthoupfh both numerator and denomi- 
nator de(;rease in successive ratios, the ratios themselves increase progressively. 
Further, a simple inspection of the form of the expression 

Aa*—Aa^ > Ad'—Aa^ Bb'-^Bb^ > Bb^—Bb* 

shows that what is there demonstrate^! for two numbers, and two coeflicients A^ a, and 7?, ft, is true 
for any number, even infinite; which is the cjise we deal with in actual observation. 

In other words, it is universally true that when the numbers are positive, and a, ft, c, rf, &c., 
proper fractions. 



Aa"+» + 7?ft"+'+C6"'+'+7>^"+'+ Aa»+*+7^ft"+*+Cc"+*+Z)(i"+*+ 



Aa" +7^ft" +0c" +Dd"+ ^ Aa''+' + 7^ft"+'+Oo"+»+7M»+>+, 



even if the number of correspondinff terms be infinite ; and hence universally true, that when the 
separate coefficients of transmission sire positive and less than unity, as is the case in nature, the 
genenal coefficient of transmission in the customary exponential formula, is (1) not a constant, (2) 
always too large under any circumstiances, (3) always larg* r and larger as we approach the hori- 
zon, and (4) that the original energy of the snn or star before absorption, as found by the thermometric 
and photometric processes and formula; in universal use, is always too small, a conclusion which we 
have just reached here by another method. 

It seems to be incumbent, then, on those who still use Pouillet's formula, to at least show that 
though it may give too small a value, the error is a negligible one in practice, but this has not been 
attempted so far as I know, and the result of actual observation detailed already, shows conclu- 
sively that the error is not practicably negligible, but induces a wide departure from truth, and 
that it 18 a principal cause that the values of the solar constant already found are too amalL I 
have already observed that dust and the grosser particles in our atmosphere, by scattering a part 
of the light and heat, exercise a nearly non-selective absorption on that part to which separately 
the formula of I'ouillet would apply with little error, but that there is every di»gree of fineness in 
these particles, from the grosser dust to to the water vesicle, and that on the whole the absorption 
grows more and more selective, even down to the xiurely selective absorption caused by the mole* 
cule Itself. But though there may be such a continuous gradation in nature, we cannot follow it 
in our present formuhe, which would beex)me unmanageably complex at the outset. I accordingly 
presiMit a nuinerieal illustnition in the following table of the way in which we may make a first ap- 
])roxiination to a consideration of the actual complexity of the atmosphere^s action. I have here 
su]>i>osed the original heat of the sun Ix^fore absorption (ex)rresponding to our symbol, Poaillet's 
A) to l>e divided into 10 parts, and that these are of such a nature as to be acted on with as mamy 
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degrees of selectiou, each baviug a separate coefficient of transniissioii, ho tbat ten degrees of 
absorption are represented, ranging from extinction to nearly total trausuiission. And thus we 
may grossly typify the far more complex action which actually goes on in nature. 

The first column represents the amount and composition of the original energy. The second 
column represents the intensity in each case under our suppositions when the ray has reached a 
height of about one-third of the homogeneous atmosphere. The third column represents the inten- 
sity attiained in each case when the radiation has reached the sea-level after a vertical transmission. 
The fourth column that which would be observed at any late morning or early afternoon observa- 
tions when sec. C=2. The fifth column that for an observation when the sun is still lower, or when 
sec. C=3. 

Table 107. 
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0.01 
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0.16 
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0.36 
0.40 
0.64 
0.81 
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0.000 
0.001 
0.008 
0.027 
0.064 
0.125 
0. 216 
0.343 
0.512 
0.729 



2.025 



Aa + Bh + Cc + etc. _ ^.^ _ 4.5 ___ q g<^ - 

p = 0.560 

Aa^ Bb^+ Cc^ + etc. ^ „ ^ 2.85 ^ ^ ^^^ 
Aa + Bb + Cc + etc. ^ 4.6 

Aa'+ Bbi'+ C (P + ^ ^ ^2 ^ 2.025 ^^^^ 
Aa + Bb + Cc + etc. ^ 4.5 

p = 0.671 



i Epl = 5.459 
) Ep = 4.5 

i Ep = 4.5 
) Ep^ = 2.85 

i Ep = 4.5 
\ Ep2 = 2.025 



p = 0.560 
E = 8.04 

p = 0.633 
i:;=7.11 

p = 0.671 
E = 6.71 



We have used the symbols of our preceding formulae, though here A =z B = 0, etc. 

Under the above hypothetical conditions an actual observer on the summit of Mount Whitney 

provided with an actinometer or pyrheliometer (whose thermometer bulb c^annot discriminate 

between radiations) would find an amount of heat represented by 5.46, and comparing this by 

Pouillet's formula with the heat at sea level (4.5) he would find the coefficient of transmission 0.56 

and for the heat outside the atmosphere A =8, so that under these ideally favorable circumstances 

his value of the solar constant would be but four- fifths of what it should be. We say "ideally 

favorable" because the construction of our table tacitly assumes that all strata of like density 

have like transmissibilities, an assumption which in no way represents the complexity of the 

actual state of things. If our observer is at the sea level, where he finds a heat represented 

by 4.5 at noon under a vertical sun, and a heat of 2.85 when the sun's zenith distance is such that 

the mass of air traversed is doubled, he will, by a combination of these two through Pouillet's 

formula, find the values a=0.63 ; A =7 nearly. Now, since we are supposed to know here that the 

actual heat outside the atmosphere was 10, we see that the real coefficient of transmission is repre- 

4 5 
seuted by ^ or that a is actually 45 per cent, instead of 0.63, so that this determination gives a 

much larger valuethan the truth for the transmissibility, and a much smaller value than the truth 
for the solar constant. Finally, if we suppose the observer to compare his noon value with that 
after the ray had suffered three times its noon absorption, giving an observed heat only a little over 
2, we find 0.67 for the transmissibility and 6.7 for the solar constant, so that the error in each case 
is increased still further. 
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It may, i^erhaps, be a^ked how it is that if the trauHiiiissibility, as deteriiiiiied by the ther- 
mometer or by ordinary photometric measurements, is really as erroneous as we assert, that 
we obtain values for it on the whole so harmonious when we observe through very diiferent 
depths of atmosphere. Our present table shows quite clearly how there may be such a coinci- 
dence of results by the ordinary method, for we know that the low sun or star observation can 
seldoji be taken with advantage much nearer the zenith than we have here represented it, where 
sec. C = ^9 or seldom much farther from it with advantage than whei:e sec. C = 3. Now the entire 
range of values for the transmissibility to be obtained under these conditions is, as we have 
seen, only from 0.63 to 0.07. No one who knows anything of the difficulty of such observations 
will affirm, I think, that the difference from the mean of 0.65 could be determined with any cer- 
tainty even by years of observation. A lifetime of observations at a single station, under ordi- 
nary' conditions, would probably only confirm the observer in the belief that the true coefficient of 
transmission in our hypothetical case was about 0.65 per cent., whereas it is, as we see in our 
imagined instance, but 45 per cent. The same considerations will help us to observe how it is that 
the method of Forbes and M. Grova, of deducing the solar constant from an empirical curve which 
strictly represents the facts of observation, though sound in theory and the best the dctinometer 
observer at one station possesses, must fail to give a proper result, owing to the insufficiency of the 
data at the command of the most skillful and assiduous observer by the old method. The results 
thus obtained at a single station must always be too small then, even under the ideally favorable 
conditions we have here imagined; but there is every reason to believe that apart from the diffi- 
culties we have just mentioned, nature presents many others, and that among these is the fact 
that there is a systematic difference between the condition of the air observed through, at high 
and low sun, even on the clearest day. It results from all we have stated, that a great step toward 
accuracy will be made by measuring on pencils as homogeneous iis possible, which we proceed to 
do with the spectro-bolometer, .but that also the same considerations which prevent us from 
reganling the use of the thermometer as trustworthy, apply, though in a greatly lessened degree, 
to those with the si)ectro-bolometer, since the pencils on which this operates cannot be absolutely 
homogeneous, and their coefficient of transmission can not be absolutely a constant, so that even 
iU observation will in theory tend to give somewhat too small a result. 

To prevent misapprehension, it may be remarked that our theoretical conclusions here rest on 
the algebraic demonstration, and that the numerical table is only presented in illustration. 



CHAPTER XI. 



THE SPECTRO-BOLOMETEK. 

Before describing the use of the spectro-bolom eter it will be tonvenient to recall the uatiire of 
the analogous proccssi-s already employed at Allegheny iind the firat results. 

Thus we found, as iu Table 10, that thi; beat in a ct^rtaiu uarrow pencil of rays near AsU.olH) 
was C21 (ou some arbitrary scale), and that the meaa coefficient of traasuiission for this pencil 
(Table 6) was 0,630 ; so that -.n,.= 9^6 represents the energy which would have been observed in 

this ray, could we have ascended from the sea-lerel to the upper limit of the atmosphere. We have 
here been obliged to make the provitiional asaamption that this nanow pencil of rays is honiogeD- 
eous, and that its rate of transmission is a constant. When we examine our pencil, however, with 
the spectroscope visually, we find that, irrespective of the solar liues, there are in it a large number 
of alternations from complete transaiission to absolute absorption, familiar to na as the telluric lines, 
and due wholly to alisorption in our atmosphere. If we ascend a lofty mnnntain with our spectro- 
scope, we find that some of these lines are sensibly as black (and as cold) there i\s at the se^-Ievel. 

To lix our ideas, let us consider the familiar D lines. The space between these is (ou the scale 
of onliuary observation) far narrower than the narrowest linear thermopile, or even bolometer 
strip, yet within these narrow limits we have at least four conspicuous lines, which wo know to be 
cold spaces where telluric absorption has already done its complete work. These particular lines 
are visible at great altitudes, and hence at the highest point we cau observe in our atmosphere we 
find that some of the rays are already totally extinguished by it, and never reach ns. In other 
words, their coeffioieut of transmission is so small that for our purposes it may be treated aa zero. 
Bnt the iutcrmcdiate spaces between the i> lines we know to be crowded with other lines at sun- 
rise and sunset, and each must be there in fainter degree even at our high sun observation; con- 
tributing to diminish the aggregate brightness and warmth, althongh it may not be separately 
]>erceptible. In such a narrow sjiiice, then, which we have treated as homogeneous fr.tm necessity, 
we have no real homogeneity. Our bolometer strip or our linear thermopile thus used in ililTerenti- 
atiug different portions of the spectrum is donbtless a great advance upon the thermometer, whmh 
does not discriminate at all, but we should need au infinite minuteness of discrimination to bring 
all our conclusions to the test of direct ex])eriment. 

Still consideriug the telluric lines between the D's as an example, let us supjwse them divided 
into two typical gnmps, the first of which is absolutely extinguished before it comes in any way 
under observation. It is the second alone of these, including all that is relatively bright, then, 
which has furnished ns the cciefflcient .031) which we have just found, and if we suppose (merely for 
illustration) that one-third the energy in this narrow group waa extinguished before we could ob- 
serve at all, it would follow that the heat outside the atmosphere in this iwncil was certainly over 
one-half more than our formula gave it, fcen when we apply that formula to obserrationa which dit- 
criminate between different Icinits of heat. It is not, it is true, probable that in this particular region 
which we now consider, so much as one third of the beat hiw disappeared before its desceui to the 
highest mountain top, but the crowds of telluric lines which, as we have just remarked, spring out 
at sunrise and sunset, blotting out the light between the sodium lines, make us believe that, if we 
could take the separate action of all into account, there would be little exaggeration in onr esti- 
mate. I have elsewhere pointed out that the grosser dust particles with which our atmosphere is 
filled, must, in scattering all rays indiscriminately, exercise a kind of non-selective absorption, and 
• th&t between this and that of the molecules whoso vibration gives us the telluric lines, every kind 
12535— No. XV 17 129 
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and degree of absorption must go on in the narrowest pencil that we can ever hope to physically 
isolate. 

It is most plain, however, that we must operate on pencils as narrow as we can, and our appa- 
ratus for doing this (the spectro-bolometer*) is shown in elevation in Plate VIII, and in plan in 
Plate IX. 

Two long arms, A A'j turn independently about the vertical axis, the angle between them 
being measured by a graduated circle with two verniers reading to W. One of these arms is 
directed toward the slit, and the other toward the spectrum formed by the light on leaving the 
pi ism which we here suppose to be used. (When the grating is employed the arms are brought as 
nearly as possible together in the position shown in Plate X.) This latter arm carries at its 
extremity a concave mirror- ^f^ of 98 centimeters focus, and bears on either side of the prism an 
accurately planed track directed toward the center of the mirror. On either of these tracks slides 
a carriage with y's. Into these y's, at J5, drops either of two like ebonite cylinders, one containing 
tbe bolometer, and the other the ordinary reticule and eyepiece. The bolometer used in the meas- 
urements of the cold bands on the charts (see Plates XI and XII) exposes to the spectrum a single 
vertical strip of platinum, ^ mm. wide, covered with lampblack, and placed accurately in the axis 
of the ebonite cylinder by reversal under a comj)ound microscopet. The eyepiece also has its cross- 
wires centered in the axis of the second cylinder, and serves to examine optically the place which 
will be occui)ied by the bolometer strip when the bolometer cylinder is in the y's. A simple inter- 
change of the cylinders places the bolometer strip with precision in the part of the spectrum optically 
pointed on, a moment before. The optical axis of the mirror M exactly bisects the angle between 
the direction of the arm A* and the central line of the track, so that a ray falling on the center 
of the mirror from the center of the instrument at P, after reflection falls upon the bolometer strips. 
C, C are counterpoises to offset the weight of the arms A, A\ 

To adjust the apparatus for observation, the screws at P are loosened, the prism removed, 
and the arm A' brought around in line with the long tube. The eyepiece being placed in the y's 
at 7?, the image of the disUint slit is brought upon the central wire, when tlie reading of the divided 
circle should be i)^ (KK 00", indicating a deviation of zero. The arm is then moved to one side as 
in Plate IX, until the mirror intercepts the rays from the prism, which has first been replaced 
upon its table and adjusted by the screws below. The prism is now carefully set to minimum 
deviation (usually for the Di line), and is then automatically kept in minimum deviation for all other 
rays b.v the tail piece and attachment at 1). Wlien the cross wires of the eyepiece are set u|)on the 
Di line the circle should indicate a deviation of 47^ 41' 15'', for the particular prismf in question. 
A bright and pure image of the spectrum about 6 mm. wide and 640 mm. long between the A and 
H lines is now formed in the principal focus of M near the prism, and the bolometer case being 
substituted for the eyepiece, the carriage is slid along the track until the central strip, placed verti- 
cally and parallel to the Fraunhofer lines, comes exactly into focus. The heat of the solar rays in 
any part of the spectrum may now be measured by the bolometer (the galvanometer giving a marked 
defection as it passes over the leading Fraunhofer lines), and the deviation for that part is indi- 
cated by the divided circle to 10''. 

"DIKECTIONS FOR ADJUSTING THE SPECTROMETER FOR COMPARATIVE MERIDIAN AND AFTER- 
NOON MEASUREMENTS WITH THE BOLOMETER, OR FOR MAPPING THE SPECTRUM OF THB 
PRISM.§ 

^^Arrangement of apparatus. — In the present (June, 1883) arrangement the light comes from the 
north, and in this case the bolometer carriage slides on the west track, the spectrum is thrown 

• MucU' fn»iii flic writer's desigiiH by W. Griiiiow, of Now York, and first usi'd on this expedition. 

tWhrn studying; the extended grating infra-red spectrum a wider bolomet^'r is used. 

t The prism usc^d was one of a glass specially diathernianous to infra-red rays. It was made by A. Hilger, of 
London, and its optical properties are excellent. Its principal constants are: Size of two (Kilished faces, &3 mm. X 
49 mm.; specific gravity, 3.25; refracting angle, 62^ 34' 43'^; index of refraction for Di line, 1.5798; index of refrac- 
tion for // line, 1.6070. 

A rock-salt prism of nearly equal size and great purity, by A. Clark Sl Sons, has also been used. It is capable of 
dividing the I) line when freshly polished. Prisms of quartz and spar have also been used, and the selective ab- 
sorption of the glass for different parts of the spectrum determined by comparison. * 

$ Taken from instructions in Observatory Record Book for the use of the observer. 
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PLATE IX. 
SpECTBO— BOLOMETER. 

As USED rOR MAPPING PfUSMATiC SPECTRUM. 




PLATE IX. 
Spec TRO— BOLOMETER. 

As USED FVR MAPPING PfUaMATIC SPECTRUM. 




PLATE X. 
SpECTRO — BOLOMETER (PlAn) 

As USED FOR MAPPING NORMAL SPECTRUM. 
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toward the east, and the reading of the circle by the E. vernier, when the image of the slit is 
thrown on the bolometer, is 0^. The figures on the circle run in such a direction that under 
these conditions the reading of the circle for any position of the arm on the east side of the instru 
ment is equal to the deviation. 

^^ Adjustment — The spectrometer must first he adjusted by the three foot screws until the plane 
containing the centers of the prism, mirror, and bolometer ]>asses through the slit in the end of 
the long tube. It is preferable, though not necessary, in making this adjustment, that the axis of 
the spectrometer should be vertical, and the slit and central plane 1 meter above the tioor, which 
is supposed to be level. 

"The collimating lens having been placed in the tube at its own focal length from the slit, the 
end of the tube should next be so placed, by means of the adjustable stand, that the circle of light 
pr<»jected from the lens falls fair upon the face of the prism placed over the center of the instru- 
ment, normal to the incident rays. The prism being then removed, the circle of light will also fall 
centrally upon the mirror when the two arms of the instrument are in line. Remove the prism 
and screw the small sight into the central hole of the prism table, and move the short arm which 
carries the mirror, preferably by the hand, until the shadow of the sight falls as nearly as possible 
upon the center of the mirror. The short arm should then be clamped firmly by the lower clamp- 
ing-screw. 

"The reading on the slit should now be made 0^. As it is exceedingly difficult, in this 
position of the arm, to get the eye down to the observing eyepiece in order to do this, the 
lollowing method has been hitherto used and found to he equally accurate and much more 
convenient. The sha<low of the sight falling centrally upon the mirror, the light from the minor 
should be directed by the two slow motion screws until it is reflected down into the ailjustiug eye- 
piece and the image of the slit formed upon the cross-wires, when, upon properly focussing the 
eyepiece, a sharp image of both slit and cross-wires will be projected upon the north wall of the 
dark room on the west side of the slit itself and at the same height above the floor. The wires 
should be made to bisect the slit by means of the two slow motion screws of the mirror mount. 
By this adjustment the optical axis of the mirror has been made to bisect the angle between the 
slit and the eyepiece. 

"The long arm of the spectrometer should now be moved by hand until the reading of the 
east vernier is 0^, which is therefore the reading on the slit. The tripod having been placed 
nearly in its true position at the beginning, the change in position will be small. The long colli- 
mator being, for the present purpose, disconnected from the long arm, the ))osition of the slit will 
not have been changed by this manipulation. Now unclasp the short arm and move it to the 
east, the long arm remaining undisturbed throughout all the subsequent operations, attach the 
arms of the minimum de\iation apparatus to the tail-piece of the prism table, and set the circle by 
a positive rotation of the tangent screw to a deviation of 47^ 41' 15''. Place the prism on its table 
with its refracting angle over one of the small leveling screws, its back surface at right angles to 
the tail piece, and at a distance from the center of the table such that the rays leaving the prism 
api>ear to proceed from the center of the instrument. 

"Turn the prism table to adjust tor minimum deviation. The siiectrum, after leaving the prism, 
should strike the center of the mirror and be reflected back upon the cross-wires. If the sj)ectrum 
(viewed in the manner described below) is not bisected by the horizontal wire, it must be made to 
do 80 by means of the leveling screw under the refracting angle of the prism — the niirror must not 
be disturbed. Note if, on rotating the prism table in both directions past thr position for minimum 
deviation, the spectrum returns on the same path. If not, the screws under the other two angles 
on the prism required adjustment. The spectrum must then be brought on the horizontal cross- 
wire again by the first screw, and so on until the spectrum remains bisected by the horizontal 
wire while the prism table is rotated, when the refracting angle of the prism will be vertical. The 
slit should now be closed up and an image of the spectrum, together with the cross-wires, projected 
from the eyepiece upon a piece of white paper held about a foot distant. By proper focussing 
both the wires and the D lines may be sharply seen. The prism should now be very carefully set 
to minimum deviation by rotating its table, when the image of Di should fall exactly ui)on the 
vertical cross- wire. If it does not, but comes within a distance of only about twice that separating 
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the D lines (say), the diflfereuce is probably due to springing of the long arm in moving by the 
hand, and possibly to change of temperature, and A may be brought upon the cross- wire by slightly 
moving the horizontal tangent screw of the small mirror. 

" Note the distance of the cross- wires from the mirror on the graduated scale of the bolometer 
track, take out the eyepiece, and i)ut in the bolometer case holding the required bolometer, and 
set mark which indicates the position of its strips to the distance just noted. Set the bolometer 
slit or strip vertical and at right angles to the spectrum, which may be done by means of a small 
reflector held in front of the aperture of the case. Secure in position by rubber bands, open the 
slit to the required width (usually two millimeters), and the apparatus, so far as the optical 
arrangements are concerned, is ready for work. The settings should all be made by a positive 
rotation of the tiingent screw. It is, of course, assumed that the cross- wires of the eyepiece and 
the bolometer aperture have been previously truly centered." 

Plate XIII shows the arrangements adopted in the observations made on the expedition; the 
solar rays were directed into the instrument by a heliostat, H (made by W. Grunow), having two 
mirrors both 6 inches in diameter, and silvered by Foucault's process on an optically plane surfaci*. 
One of these mirrors revolved by clock-work on a polar axis, the other was fixed, and the heliostat as 
thus used was about 5 meters to the south of the spectro-bolometer, B, which was placed upon a solid 
])ier and covered by the '' hospital" tent described in the general account of the expedition. The gal- 
vanometer used, G, was an extremely sensitive reflecting one of Sir William Thomson's pattern, and 
of the most recent construction, by Elliott. A current of 0.0000000052 ampi^re caused a deflection 
of one division upon its scales, placed at a distance of one meter. 

It will be remembered that most of the observations upon the mountain were made directly 
in the diffraction spectrum and only carried as far as A=l'*.2. This wave-length (1'*.2) to which 
we roeasure<l ^*ith the grating is beyond the limits of the invisible spectrum as those limits were, 
until very recently known,* but below this lies a great region whose extent was first discovered in 
the course of the very observations now in question. 

Towards the close of our stay upon Mount Whitney, when using the prism, a hitherto unknown 
extension of the infra-red region was observed, and once found, we have been able to continue its 
observation at Allegheny, and have thus obtained data in continuation of those obtained upon the 
mountain. Those on the mountain extend, as we have said, only to 1'*.2. Those at Allegheny 
have been continued in the following year, 1882, to more than double the length on th normal 
scale, of the previously' known spectrum; or to wave -length of rather more than 2'*.7, where the 
solar spectrum sensibly terminates (at the sea-level). Since these latter observations were taken 
both for a high and low altitude of the sun dail}', we have obtained, with their hi Ip, a knowledge 
not only of the heat in each ray, but of its transmissibility, a knowledge, that is, of the coefQcient 
of transmission throughout the whole of the invisible si>ectrum which reaches us; and we are able to 
supplement our determinations on Mount Whitney by them. Immediately alter the bolometric 
observ tions on Mount W^hitney, in 1881, with the grating, we give acconlingly those taken at Alle- 
gheny, in 1882, with the same apparatus, except that in lieu of the grating the special prism of glass 
already described as transparent to the lowest infra-red rays, was employed. 

All the observations quoted in the following tables are made without reference to local absorp- 
tions like the Fraunhofer lines, and give only the general distribution of the solar energy on the 
normal scale, the grating being employed on the expedition for this purpose. But on the 9th of 
September, 1881, at Mountain Camp, a hasty review of the spectrum was made by a prism of rock 
salt, and also with a glass one; and with this the great cold band which we have marked on our 
charts as D. was discovered. It was, at first, su))posed that this would not be discernible near the 
sea-level, but on the return to Allegheny it was found to be entirely within the reach of the linear 
boljmeter. Two minute cold lines of even greater wavelength were indeed observed and an 
investigation of the whole si)ectrum below A=0''.7 at Allegheny, extended our knowledge to the 
limit 2''.7; betv een two and three times that previously known. 



*Dr. J. W. Draper, so late as 1881 (Proceedings American Academy), regards this wave-length aa probahly ex- 
ceeding the Umite of the extremest infra-red. 
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There ib no more important feature of these bolometer observations than tbeir oontradiction of 
the uominon, indeed the universal, belief, prevalent at the present time amonfc scientiflc men, that our 
atmo8[)liere is least transmissible to the sun's dnrk beat. It is constantly asserted that the "heat" 
ray has found eaity adinissioii to our atmosphere as "Iig;bt,''tbat it has fallen upon the surface of the 
earth and been returned toward spaue as dark heat, which because of it« uun-traiismismbility can- 
not readily escape again; and the meteorologist bas seen In this beat-storing action a preservative 
of the surface temperature of our planet. In a certaiu sense this is true, bnt the physicist, biased, 
perhaps, by the meteorological evidence, has asserted far too hastily that all the dark solar heat ia 
comparatively non- transmissible by the atmosphere. The eontrary is the cane. It is difficult to say 
how far physics has here leaned in the past on nieteorologj*, and meteorology ou physics, but if the 
present observations are correct, it seems clear that the preseut view of both must be moditieij. 

Let me state, to preveut misapprehensiun, that I do not at all deny that dark heat radiated 
from the soil is arrested by our atmosphere, or that the surface temperature of the earth may be 
elevated by such a heatstoriug action as has been pointed out as possible by Tyndall and by 
others, hut I asseit that out to the utmost limit knowu, at 2'',7 of the iuvisible infrared solar heat 
sjiectruni, the rays grow progressively more transmissible as their wave-length increases, (always 
excepting of course the regions of si>ccial abaorptiim known as telluric Imes or cold bauds). 

At the present time (1883) it is almost universally understood, on the contrary, that the light 
raysaremost transmissible, and these dark heat rays least transmissible, sothat thetransmissibility 
declines ou either side whether toward the infra-retl or the violet. 

I began thesi* bolometric investigations three years ago, and when I Itiul first perfected ajtpa- 
ratos which enitbled nie to measure with a novel degree of precision in the invisible heat region, 
nothing surprised, and iierhapx 1 should say disconcerted, me more than to find that the lower in- 
visible heat rays were more fireely tfansmitted by our atmosphere than any other; for this was 
directly the opposite of what I bad been tnught to believe. The apparent conse<|uence which the 
reader may perhaps remark I also saw, and asked myself how, if this were so, the atmosphere 
could play toward the earth the part of the glass cover to the hot-bed, to which it is so nsiially com- 
pared. 1 need hardly say that it seemed to me unlikely, also, that previous observations by others 
could be so wrong as to a matter of fact, where that fact was so important; and with all these 
doubts in mind I resumed my work, and tested in every way my first observations. All observa- 
tions that I was able to make in this respect agreed, however, and all checks I could apply veri- 
fied this first result. Within the extreiiiest range of the then known invisible spectrum, though 
the tieat itself diminished, the proportion of that heat transmitted grew greater and greater as the 
wave-length increased, instead of less and less. When no further pains could be applied at 
Allegheny, it was largely with tliis point in view that I resolved to repeat the observations at the 
base and summit of a lofty mountain, and to actually demonstrate there, either that the heat 
waves were less transmissible than the light waves, as is usually thonght, or were more so, as I 
had cause to believe. Direct observation, as will be seen by these tables, compariug the absorp- 
tion between the mountain and valley, demonstrated that the heat was more transmissible. 

On Mount Whitney was discovered, as I have said, a great extension of the infra-red spectrum. 
On my return to Allegheny in 1882, this extension of the spectrum was studied with reference to 
the same question. 

1 have now given over two years of most assiduous observation to this point, and if the truth 
bas been niisse<l it is not for want of careful experiment; but I believe that I have not been misled 
in this respect, and I desire the reader's attention to the nature and amount of the evidence that, 
within the entire region open u> our observatiou, the solar heat uniformly (with the exception of 
the telluric lines and cold bands) becomes more and more tramminaible ag iU ware length becomet 
greater. 

"How, then," it may be asked, "can the heat-storing action of the atmosphere be maintained, 
if the 'dark' heat escapes more easily than it enters as 'light' heatT" I might answer that it was 
sufficient for me to have demonstrated the fact of this increasing transmissibility, and that the 
fact was not to be disproved by the contingency that inferences from it might conflict with pre- 
conceived opinion. I desire, however, to re-iterate here that I do not say that all dark heat escapes 
more easily than it enters as "light" heat, but only that throughout the solar spectrum, at far w 
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we know itj even in the extremest infra-red heat, these heat rays are more absorbed than the light 
ones, r believe that ^'dark" heat of the wave-length of that which must be re-radiated ^m the 
surface of our planet could only be fonnd in the unabsorbed solar beam before it enters our atmos- 
phere, and that such heat as this has never reached us in the actual sunbeam, and has never been 
analyzed by the prism. I do not at all question the experiments of Tyndall and others on the non- 
transmissibility of such heat as that from the Leslie cube, and I do not myself find any conflict 
between them and my own, but as far as I have been able to learn myself by direct experiment, 
the wave-length of the heat absorbed and re-radiated by the soil, or that from a source much be- 
low the boiling point of water, is such as to preclude the forming of any spectrum of it which we 
can yet analyze with the grating or the prism. 

At present, the great cold band discovered on Mount Whitney is far larger than any previously 
known in the upper part of the spectrum. Experiments made shortly after the return of the 
exi>edition were indecisive as to the nature of these cold bands, but our later ones render it 
pnibable that all of them are telluric. While within the whole known infrared spectral region, 
then, I find the heat growing more and more transmissible, excepting in the cold bands, I find these 
cold bands (t. e.y the regions of non-transmissibility) growing wid<M and wider until they obliterate 
the spectrum beyond 2'*.8, for we may look, I think, on what remains as an unlimitedly extended 
cold band, possibly varie<l by one or two traces of spectral energy. It is below this ultima thule 
of these latest investigations that I believe is yet to be found the wave-length corresiK)nding lo 
the maximum ordinate in the heat spectrum of the surface of our planet. 

I may make my meaning plainer, if I say that if the mean surface temperature of the globe be 
taken at 16^ or 16® (3,^ unless we could form an energy* spectrum from heat of some such degree as 
thiSj and determine the maximum ordinate of its curve, we should, in my view, be unable to deter- 
mine the approximate wave-length of the heat in question, to which I believe our atmosphere is 
sensibly impermeable; yet it is on the retaining of this extremely low kind of heat that the organic 
life of our globe, it seems to me, largely depends. 

On the return to Allegheny, with the linear bolometers, and especially the one whose single 
strip was i of a millimeter in width and less than ^^^j of a millimeter in thickness, a distinct 
special exploration of the invisible spectrum went on, as I have said, with particular reference to 
the mapping of these unknown cold bands. The publication of these results will be found in part 
in a ii:oinoir in the American Journal of Science for March, 1883, in which, by the permission of 
the Chief Signal Officer, certain of the present results are Micorpomted. I will in turn borrow 
from that memoir* the chart ^ hich includes the great baud /2 discovered on Mount Whitney, 
which the reader will find in the lower curve of plates XI and XII. He will find, also, in the 
Appendix No. 2 an account of the metho<l of determining the wavelengths in these charts, from a 
memoir communicated to the National Academy of Sciences in April, 1883, which may perhaps 
receive a separate publication elsewhere later. 



*Tlie maxiniuiii ordinate on the normal curve, as ileiluced from the prismatic one, should fall in the same place 
as that observed directly in the heat spectrum of a griitini;, and actually does so in our charts with gratifying exact- 
Dens. In the illustration timt given in the Am<'rican Journal of Science and other journals, owing to a slight error in 
the preparation of the drawing for the engraver, the maximum ordinate of the normal curve is somewhat nearer the 
red than it should be, and the descent of the curve toward ihe violet somewhat less abrupt. 



CHAPTER XII. 



BOLOMETER OBSERVATIONS ON THE SOLAR DIFPM^ ACTION SPECTRUM MADE 

DURING THE MODNT WHITNEY EXPEDITION. 

Witb tbe spectro-bolometer, employing the laige Rutherfurd grating of 681 lines to the milli 
meter, and other subsidiary apparatus already fully described, high and low sun observations were 
made in the diifraction spectrum at Lone Pine on August 11, 12, and 14, and at the Mountain Camp 
on Mount Whitney on September 1, 2, and 3. Owing to the < ifficulties incident to such an expedi- 
tion, these days were the only ones on which observations of any value were secured with the 
bolometer. 

Among the difBculties encountc^red at the lower station, one of the most serious arose from the 
derangement of the apparatus by hiph winds, the instruments being inclosed and protected by a 
tent only, where the hot w'lud found iree entrance*, every part of the instruments being covered by 
the desert sand and dust, while the heat of the darkened tent was often very near the limit of 
human endurance. Another difficulty arose from the rapid rise and fall of temperature in the 
morning and evening, which produced a galvanometer drift. 

In spite of all care, the apparatus was too elaborate not to have suffered somewhat during 
transportation, and the number of other impediments to successful work was enough at the time 
to call out all the resources of our ingenuity and patience. In order to eliminate the effect of these 
changes, the conditions were assumed to remain constant only for the time required to complete a 
single series. The deflections were then approximately corrected for the effect of galvanometer 
drift, a further correction being made graphically by drawing smooth curves through the first 
irregular ones, and the numbers were so reduced that their sums should equal 1,000 for each series 
(thus representing one and the same sum of heat whether the previous absorption had been great 
or small). As the labor of separate reductions and comparisons of each day's observations would 
have been very great, and as the observations themselves were not such as to make such a course 
desirable, they were divided into groups, according to the hour-angle at which they were made- 
For the Lone Pine observations these groups are: 

Lone Pine I, including 8 series, average hour-angle 22 

Lone Pine II, including 10 series, average hour-angle 4 23 

Lone Pine III, including 4 series, average hour-angle 5 21 

And for Mountain Camp observations: 

Mountain Camp I, including 6 series, average hour-angle 17 

Mountain Camp la, including 4 series, average hour* angle. 2 48 

Mountain Camp II, including 7 series, average hour-angle 4 11 

Mountain Camp III, including 3 series, average hour-angle 5 21 

We give first the original observations, designating each series by a letter of the alphabet. 
What the reader has before him here in Table 108 is the observation as taken from the smooth 
curve. The wavelength is at ihe head of each column, and it is very obvious from the first that 
the higher the sun the greater is the proportionate heat in the short wave-lengths. Table 109 is 
elucidatory of Table 108, and needs no explanation. 
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Table 108. 



Zoitc Pine obtervations with ipectr<hbolometer. 



Dat«. 


Acr^aSO 


k=t^. 375 


Ang. 11, a 





5 


11. b 


2 


8 


11. e 


3 





11. d 


5 


10 


11. e 


2 


7 


11. / 


3 


7 


11. ff 
11. h 


4 


7 








11. i 








Ang. 12, a 


2 


7 


12, h 


3 


8 


12. e 


2 


6 


12, d 








12, « 








Aag. 14. a 


2 


11 


14, 6 


2 


7 


14, c 


3 


9 


14, d 


4 


8 


14. « 


2 


•6 


14. / 





2 


14, a 
14, A 















k=*^. 400 ; Acs'*. 450 A='*. 600 




A=''. 600 I k=zf^. 700 I A='*. 800 A: 



145 


120 


140 


120 


140 


119 


148 


126 


128 


111 


185 


101 


145 


120 


162 


180 


109 


84 


172 


140 


194 


170 


160 


131 


130 


116 


142 


124 


194 


145 


197 


147 


187 


127 


162 


120 


156 


146 


147 


130 


104 


90 


109 


96 



rl^OOO 


1 
A=l'*.290 

1 


Suma. 


72 


37 


672 


70 


87 


640 


78 


60 


719 


76 


34 


734 


68 


37 


033 


60 


46 


672 


66 


25 


662 


68 


86 


733 


42 


19 


463 


81 


42 


865 


98 


45 


897 


86 


61 


823 


79 


66 


633 


76 


49 


636 


68 


26 


874 


75 


25 


880 


60 


89 


857 


60 


40 


743 


94 


67 


822 


80 


40 


689 


62 


17 


458 


60 


30 


j 487 



Dmte. 



Aag. 11, a 

II. fc 
11. c 
11, d 
11. « 
11./ 
11.^ 
11, A 

11, < 
Aag. 12, a 

12,6 

12, e 
12, d 
12, e 

Ang. 14, a 
14,6 
14, e 
14, d 
14, « 
14./ 
14. a 
14, A 



Local time. 



Table 109. 

Lone Pine conditions during observations trith spectro-bolometer. 



7 
11 



6^53- to 

to 7 

toll 

toll 

to 12 



20 
20 



11 40 

12 06 



12 19 
3 66 



4 

6 

7 

7 



46 
40 
06 
45 



4 
4 
7 
7 
11 



15 
30 
07 
40 
18 



12 09 
12 86 



4 

4 
6 



00 
30 
06 



7*17. 

66 
83 
58 
19 



to 12 37 



to 
to 
to 
to 
to 



18 
21 
03 
45 
14 



12 00 to 12 27 



40 
46 
35 



to 4 
to 4 

to 7 
to 8 02 
tu 11 40 
to 12 31 
to 12 56 
to 4 
to 4 
to 6 



19 
60 
22 



a. m. 
a. m. 
a. m. 
a. m. 
p. m. 



P 
P 
p. 
P 



ID. 

m. 

ID. 
Dl. 



a. ID. 
a.'iD. 
p. n. 
p. m. 
p. m. 
a. m. 
a. m. 
a. ID. 
p. lU. 
p. ni. 
p. m. 

p. ID. 

p. ni. 



San'a 

boar 

angle. 

A. fH. 



Zenith 

dis- 
tance. 



6 00 


69 


4 27 


62i 


38 


23 


16 


22 


07 


21* 


13 


22 


4 02 


67i 


4 68 


m 


6 47 


78 


4 89 


65 


4 06 


58 


09 


22 


4 23 


62 


4 33 


64 


4 43 


66 


4 13 


60 


37 


24 


16 


22* 


42 


24 


4 06 


60 


4 34 


64 


5 10 


71* 



SUteofsky. Wind. 



Fair bine Gentle. 

— do 



Obaervers. 



Remarks. 





Gentle.. 















Blue. 
. . do 

do 

....do 
. . . .do 
. . . do 

do 

. . . do 

Clear blae . . . 
do 

Very fair bine 



"l Uniform fair 
> blae as in 
) morning. 

Same as at 
noon. 



\ 



Fresh. 
...do .. 

Gentle 
. . do .. 

Fresh. 

..do .. 
. . do . . 

Calm .. 
— do . . . 

Gentle 
to ftvsh. 

Gentle 
to fresh. 



.•I 



Xi., Iv. , 
■Lt't **■• . 
J.<., Jv. , 
L., K. , 
L., K. , 
L., K. , 
Li., Jv. I 
Li., Jv. , 
Xi., Jv. , 
■Lt't Iv. , 
Li., Jv. , 
Jui., Jv. , 
L., K. , 
L.. Iv. , 
K. and 
K. and 
K.and 
K.and 
K and 
K.and 
K.and 
K.aml 



and D 
and D 
and D 
and V 
and D 
and D 
and D 
and D 
and D 
and D 
and 
and 
and D 
and D 

D 

D 

D 

D 

D 

D 

D 

D 



D. 
D 



' Galvanometer drift +, moderate. 
Do. 
Very little drift 
Do. 
Do. 
Do. 
Do. 
Drift +, greater than at noon. 
Temperature of galvanomet^^r lOBft F. 
Numerous small clouds, drift +, moderate. 

Do. 
A few clouds at first, drift +, sli?hi. 
Large clouds, drift +, tuoderatel.* rapid. 
Heavy gale Aug. 13, prevented cbservation. 
I Drift +, rather rapid. 
.1 Do. 

. Less drift. 

. ; Temperature of galvanometer 07° F. 
. Very little drift 
. I Slow drift. 
. i Variable drift. 
Packed up apparatus. 



Table 110. 

Mountain Camp observations tvith spectro-bolometer. 



I Date. A=:'*.36o' A=''.376 A='*.400 A='*.46o! A='*.600 i A=''.60O ! A='*.700 A='*.300 A=l^ 000 i A= 1^200 Sums. 



Sept 


l.a! 




1. fc 




1. c i 




l.d 




1. « 




l./i 


Sept 


2, a 




2,6 1 




2.c; 




2,d 1 




2,« ' 




2,/ 




IS! 


Sept 


3. a 




3,6 




3,c 1 




8,d 




8.« ! 




»•/; 



1 


2 





1 


1 


2 


1 


2 





1 





2 


8 


6 


2 


5 


7 


22 


9 


27 


6 


14 


2 


10 


1 


4 





4 


8 


14 


S 


15 


18 


21 


8 


20 


4 


10 


8 


10 



6 

3 

6 

4 

3 

7 

27 

28 

56 

76 

30 

34 

25 

22 

65 

68 

60 

68 

30 

27 



I 



26 

14 

23 

15 

26 

50 

100 

106 

200 

180 

144 

160 

no 

90 
170 
102 
184 
176 
142 
160 



44 

25 

34 

25 

41 

85 

135 

145 

263 

270 

221 

225 

160 

140 

256 

275 

280 

277 

224 

268 



62 

37 

44 

33 

56 

118 

155 

166 

288 

296 

259 

250 

200 

200 

347 

305 

338 

300 

270 

806 



61 

36 

37 

31 

60 

108 

142 

148 

263 

268 

228 

221 

200 

209 

849 

286 

306 

817 

248 

289 



47 

28 

26 

27 

50 

80 

114 

108 

103 

200 

158 

166 

150 

171 

280 

190 

200 

228 

183 

216 



24 

18 

17 

16 

80 

44 

62 

68 

100 

111 

92 

90 

86 

92 

157 

90 

113 

130 

100 

116 



14 


286* 


10 


171* 


10 


260* 


10 


164* 


16 


282* 


20 


514 


30 


778 


80 


794 


60 


1,460 


66 


1.500 


49 


1.200 


42 


tl80 


40 


975 


42 


970 


79 


1.720 


66 


1,470 


64 


1,S72 


74 


1,643 


60 


1.261 


60 


1.442 



Table 110, above, shows the corresponding Mountain Camp observations. It will be remem- 



* ObservatioDs made in weak fint Hpectmm. 
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bo^ thnt tlie frrating bas one of its first spectra strong, the other weak, and that measures are 
ciutomarily made in the former. The low readings on September 1 are due to au inadvertent 
reversal of the grating, cansing the measares to be taken in the weak first spectrum. 

The apparatas on September 2 and 3 was in all respects, save temperature, in the same con- 
dition as at Lone Fine, nor could the lower temperature of tlie bolometer and galvanometer possi- 
bly account for the great increase of the retulings as shown in the table of sums. It is observable, 
too, that this increase has been made chiefly by the gain in the shorter wave-lengths, the wave- 
lengths Ic.OOO, If'.SOO (Table 110} not showing, for instance, the same proportionate increase over 
those in Table 108 that wave-lengtbs 0''.500, 0*.000 do. These last considerations show clearly that 
the change is not due to instrumental causes, bnt that the bolometer registers a very great incre- 
ment of radiant heat in the vii^ible part of the spectrum when on the mountain, while showing uo 
corresponding gain in most infra-red radiations. It may even, it seems, indicate for some of these 
wave-lengths greater radiant heat below in the valley than above on the mountain. This last 
effect is so slight that we must admit tbe probability of its being due to instrumental causes.* 
There is, however, a canse theoretically acting to prodnco such a result, and one not difficult to 
explain. In fact the column of air between the instrument and the son which has absorbed heat 
of short wave-length must necessarily lose this heat in part by radiation toward the observer, and 
it will by the ordinary course (the degradation of heat) part with this by radiations of a greater 
wave-length than those it first absorbed, and it is not perhaps absolutely impossible that this may 
be sufficient in the case of some infra-red rays to mask the effect of the very slight atmospheric 
absorption of these rnys themselves. It is to be observed also more generally, that whenever we 
measure the atmosjiheric absorption of any ray whatsoever, we should, according to what has just 
been said, strictly speaking make a correction for the heat of the wave-length under discussion 
radiated by the air column between the instrument and the sun, and that if we have not done so 
throughout this researcli it is not through any oversight but the occasion for coiTection, but be- 
cause the whole amount of this correction is so small that its value is not determinable. 

It may be remarked also that the mountain observations indicate an even greater facility 
of transmission for "dark heat" raya than has been inferred from the previous observations at 
Allegheny. 

Table ill. 

Mountain dmp eondiHotu during obiertationi leilk tpeetro-boUtmtltr. 

[L. reprrwnU S. P. Luiglcy ; K,, 3. K. Ewler ; t>.. W. C, Daj.) 



1, » ! e IS lo 9 as a. B 

1. e I 12 m to 12 Z8 p. n 
1, d , 12 18 to 12 43 p. n 



1 12 M (o 12 
I 4 10 to 4 

4 2T to 4 



Deep Uae. Lleht breua, K.,D. t ObMrration* m>d« Inireak tat hm 

....clo ..do L.,K.,D. J tnim. 

....do.... KrMh ' K.,D. Do. 

....do ..do L..K.,D. Do. 

....do GenOe K., D. Do. 

— do do E„ D. , Grating tamed, atroDg let niectnii 

... do 1 Light L., K .U. I StTODE -4- drift. Changni bolomete 

...do ... I ..^o L..K D. SironE-fdriR. 

...do High triad... I..K li. Bat Utile drift. 

... do.... I .. do ' T. K D Do. 

...do do I...K ,n. Hodcnts drift. 

...do I ..do L K.,lJ. Do. 

....do do L. K.,I1. , Do. 

...do Frrah , LK.D. Skt: lUiAtlT milkr about setliDg ai 

..-.do... High I...K.,rJ. »-^-J J s 

... do 1... do L..K.,D. 1 

.. do '....do r...K.,D, 

....do.... |....do L.,K..D. 

...do I. ...do L..K,,U. , (A f«w clmu doods. the Bnt mbd i 

...do do I h.,K..D. i the mountain. 



* In ttict, observations of the battery galvanometer ahowed that, owing to some internal Ghan);e in the battery, 
th« CDrrent employed ou the mountain waa somewhat anialler than that used at Lone Pine. When an allowance ia 
mode for thin change and the Mountain Camp results ore increased to correspond with those obtained at Lone Pine, 
this discrepancy disappears, as will be shown in tlie chapter on hygrometric observations. 
12535 -No. XV 18 
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The following tables (112 and 113) exhibit all the l>oloinetric observations made on the ex]>e- 
dition, reduced so that the sum of all the deflections for each series equals 1,000, and divided into 
groups so as to show the distribution of energy in tlie spectrum at four different times of day, 
when the sun had the following hour-angles : 

I, meridian observations, or liour-angle zero ; 
luj hour-angle of about 2J hours ; 

II, hour-angle of 4+ hours; 

III, hour-angle of 5+ hours. 

Table 112. 
lone pine obsekvations. 

JifJh'ctiouH red need to reprment a coiintaiit radiant hvat. 



Iloar angle. 


0**.350 


0**. 37.-. 


0".400 


0**. 454) 


O". 500 


0".6O0 


()". 700 


0**.800 1 


l^OOO 1 


l'*.200 


Sunif 


0*36- 


4 


12 


32 1 


91 


137 


185 ' 


196 


165 , 


1 
108 


70 


1000 


16 


7 


13 


41 


87 


131 


198 


203 


171 ' 


103 1 


46 


1000 


07 


3 


11 


22 


79 


143 


198 


203 


175 


108 


58 


1000 


13 


5 


10 


:« 


85 


142 


218 


2J<» 


150 ' 


90 


67 


1000 


09 


2 1 


7 


24 


91 


148 


207 


195 


160 


IM 


62 


um 


37 


4 


10 


23 


107 ' 


140 


235 


218 


148 , 


70 


45 


1000 


16 


5 


11 


24 


86 


135 


216 


217 


161 


81 


54 


1000 


42 


3 1 


7 


24 


85 


14G 


184 


190 


178 


114 


69 


1000 



22 



4.1 



10.1 



29.1 



88.9 



140. 3 



205.0 



202. 8 



1(». 5 



97.3 



58.9 



1000 



4 2:t 



II. 



4*27- 


3 


12 


23 


73 


122 


193 


219 I 


188 


109 


58 


1000 


4 02 


6 


10 


29 


81 


138 


213 


213 


176 


97 


37 


KKN) 


4 39 


2 


8 


23 


96 


154 


208 


201 1 


164 


95 


49 


1000 


4 05 


3 


9 


27 


72 


12:^ 


201 


216 


190 


109 


50 


1000 


4 23 








8 


71 


126 


193 


206 


183 


125 


88 


1000 


4 33 








6 


64 


116 


199 


224 


196 


118 


77 


1000 


4 43 


2 , 


13 


39 


98 


144 


208 


222 ' 


166 


78 


30 


1000 


4 13 , 




8 


23 


93 


146 


224 


224 


167 


85 


28 


KKN) 


4 06 j 





3 


6 


80 


142 


201 


211 1 


186 


114 


57 


1000 


4 34 








11 


78 


129 


208 


228 


196 


113 


37 


1000 



1.8 



6.3 



19.5 



80.6 



134.0 



III. 



204.8 



216.4 



181. 2 



104.3 



51.1 



I 



1000 



5*00- 

4 58 

5 47 
5 10 


1 







1 

7 





22 

7 

8 


82 
84 
76 
55 


134 
155 
145 
123 


198 
215 
231 
208 


216 
221 
235 
224 


179 
177 
181 
197 


107 
93 
91 

123 


55 
48 
41 
62 


1000 
1000 
1000 
1000 


5 14 





1.8 


9.3 


74.2 


139.2 ! 


213.0 


224.0 


183.5 


103.5 


51.5 


1000 












Table 113. 













OBSERVATIONS AT MOUNTAIN CAMP. 
DejUtctioHB reduced to repreaent a coniitant radiant heat, 

I. 



Hoar Rnjelc. 


0^.350 
4 


0^. 375 
10 


0^.400 

29 1 


0^.450 
114 


0^.500 
173 


or 600 
222 


0''.700 
187 


0^.800 
128 


l^.OOO 
84 


1^200 
49 


Sums. 


0*18- 


1000 


36 


4 


9 


24 


90 


150 


210 


192 


163 


97 


61 


1000 


03 


5 


15 


38 1 


137 


180 


197 


180 


132 


75 


41 


1000 


19 


6 


18 


50 , 


126 


180 


197 


179 


133 


74 


37 


1000 


05 


8 


13 


32 1 


117 


178 


212 


194 


133 


72 


41 


1000 


22 


5 


12 


32 1 


107 


169 


219 


193 


139 1 


79 


45 


1000 



17 



5.3 



12.8 



M.2 



115.2 



171.6 



209.5 



187.5 



13&0 



80.2 



45.7 



1000 




















1 






f 






1 






m 






m 






m 






i 






m 






m 






1 






11 






1 






1 

! 








^i 


f/ 




/n 


i 




w-.. 


V 

\ 




■^ 


ftlS^ 








^■^^1^ 
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OBSERVATIONS AT MOUNT CAMP— Continued. 



la. 



Houranxle. ' 0'*.350 0^.375 0'*.400 0'*.450 i 0^500 0".600 0^.700 



2*35- 

2 66 

3 15 
2 26 



248 



1 

8 

2 
o 



2.0 



4 

6 

8 

10 



7.0 



1 

15 


82 


146 


35 


132 


183 


38 , 


99 


140 


48 1 


130 


186 


33.5 


110.8 


166.0 



217 
208 
202 
206 



208.2 



196w8 



0'*.800 







205 


165 


186 


136 


203 


162 


193 


128 



147.8 



1^000 ; l'*.260 Sums. 



1000 
1000 
1000 
1000 



82.7 



106 


59 


73 


38 


91 


46 


61 


38 



45 2 



1000 



n. 



3k34« 
3 48 
42 
25 
19 
37 
49 



4 11 



3 
1 

4 
4 
2 
3 



2.4 



6 
3 
3 
6 
12 
8 
8 



6.6 



18 
11 
14 
35 
25 
20 
24 



22.3 



91 
92 
97 
129 
120 
126 
113 



152 


218 


144 


201 


165 


230 


171 


201 


184 


215 


189 


210 


178 


214 



109.7 



169.4 



212.7 



212 1 


166 


85 


49 


211 1 


178 


106 


53 


211 


155 


86 


39 


184 


148 , 


80 


39 


190 


132 ' 


77 


41 


186 1 


130 


76 


35 


196 


145 


79 


40 



108.6 



151.9 



84.1 



42.3 



1000 

1000 

10(10 

1000 

1000 

1000 i 

1000 t 



1000 



lU. 



5M6- 1 


1 


1 
4 


26 1 


113 


164 


205 • 


205 , 
216 , 


154 


87 


41 


1 
1000 


5 39 


1 


4 1 


23 1 


9.M 1 


144 


206 1 


176 


95 


43 


1000 1 


5 08 


2 


7 


19 ' 


111 


177 


212 


201 ' 


149 


80 . 


42 


1000 


5 21 


1.0 


5.0 1 

1 


22.7 


105.7 

1 


161.7 


207.6 

1 


207.3 


159.7 


87.3 ; 

1 


42.0 


, 1000 , 

1 t 

1 ' 



The part of the spectrum thus far considered extends as far towards the lower limit as the 
grating which was used permitted, with due regard to the overlapping spectra, but a considerable 
part of the total heat, uamelj^, that of the infra-red below wave-length, 1 .2, is not represented in 
these tirst tables, while the actinometers, with which they are later to be compared, represent 
in the readings of their thermometers the aggregate effect of all heat of all wave-lengths. The 
curves (Plate XIV) have therefore been completed by extending them through the aid of subse- 
quent measures at Allegheny to A = 2*^.4 (the heat beyond this point being neglected), making the 
intermedio^te ordinates bear the same proportion to each other as in the Allegheny normal curve, 
determined after the return of the expedition. 

This is shown in Fig. 12, where the dotted line represents the part of the curve supplied from 
the Allegheny observations. 

Corrections having been applied for the angle of diffraction and for the selective absorption 
of the metallic reflecting surfaces employed, the curves were extended in the way just now 
explained, and the area of each curve was determined. For this purpose an Amsler's polar pla- 
nimeter was used, to get by direct measurement the area above X = 11^:200. The section-paper on 
which the curves were draw^i is divided into square inches and hundredths of square inches. On 
the axis of abscissae JX = Oi^.l = I inch, and on the axis of ordinates a deflection of 50 scale divis- 
ions =1 inch. One square inch therefore = 2,500 in units of the tables. Below A = 1'*. 200, the 
areas of the curves were determined by means of a formula for approximate areas. 



=*C2 



+ Vi + ^3 + 



Vn 



M + 1 \ 

2 ; 



S'b ^21 y-i^ &<:•> being tbe heights of ordinates separated by distances each equal to h. 
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Table 114. 



Mean reaulta of Tables 112 and 113 corrected for melallie absorption and angle of difflraeUom^ extended 
to wave-length 2^.4, and again reduced to represent one and ike same amount ofkeat for each series, 

MEAN BESULTS OF TABLES MULTIPLIED BY FACT0B8 FOB SELECTIVE ABSOBPTION OF 

METALLIC SUBFACES AND ANGLE OF DIFFBACTION. 







Lone Pine. 


1. 

25.1 

28.4 

50.1 

110.6 

153.9 

201.0 

191.1 

155.5 

100.2 

76.4 


1 

1 °* 


A=0^.350 


1 

11.6 


.375 


18.1 


.400 


' 34.3 


.450 


102.1 


.600 


149.9 


.600 


204.7 


.700 


207.7 


.800 

1 .000 


175. 5 
100.4 


1 .200 


67.6 











Mount Whitney. 




IIL 

- ! 


L 


la. II. 


HL 


1 


35.7 


13. 7 1 16. 5 


6.7 


5.2 


39.2 


21. 5 1 2a 6 


15i9 


16.3 


64.0 


63. 1 42. 6 


43.7 


93.7 


155.8 


151.0 15L0 


146.8 


154.9 


204.8 


190.1 


205.6 


ioa2 


211. 8 


223.3 


223.2 


230.7 


227.4 


214.1 


192.1 


202.8 


207.0 


218.2 


177.0 


142.6 


153. 5 159. 7 


160.7 1 


1 108.0 


89.8 


93.2 1 05.8 


100.5 


67.7 


64.5 


64. 1 60. 7 

1 


60.9 



EXTENDED BY SUBSEQUENT MEASUBES. 



Sams from ^^.35 to 1^^.20 . . . | 1092. 3 

A=l'*.400 i siJF 

1.600 ! 42.5 

1.800 1 29.6 

2.000 I 1&9 

2.200 ! 10.1 

2.400 3.2 

Area above l'^.2 55,125 

Area below l'*.2 | 19,875 

Totalarea i 75,000 



1080.9 



1048.7 



51.4 
37.9 
26.5 
17.0 
9.2 
2.9 



51.1 
87.7 
26.4 
16.9 
9.1 
2.9 



57,800 
17, 700 I 



75,000 



57, 875 
17.625 

75,000 



1211. 8 


1185i2 


50.1 
28.2 
27.5 
18.2 
10.2 
3.4 


46.9 
85.1 
25.5 
17.4 
9.8 
3.3 


57,200 
17,800 


58,150 
16^850 


75,000 


75,000 



1190.2 



118a 



44.3 


40.5 


33.5 


29.9 


24.0 


21.3 


16.0 


14.2 


9.1 


&2 


3.3 


3.2 



50.100 
15,900 



00.375 
14,625 



75,000 



75,000 



Under I are the proportionate enereiea for each wave-length at noon. Under n are the proportionate energies 
for each wave-length at afternoon. ITnder III are the proportionate energies for each wave-length at lato after- 
noon observations. The corrections for selective absorption in the apparatns, and for the angle of difRraotion 
having been applied, the numbers now represent the tme distribution or energy for each series. 

Having now obtained the areas of the carves, we are prepared to still further improve the 
results directly obtainable from the observations made with the spectro-bolometer by combining 
the latter with the still more numerous results of actinometer observations. For this purpose we 
have merely to reduce the total areas of all the spectrum curves until the relation between them 
is the same as that of the solar radiation measured under like conditions by the actinometer. 

We therefore determine reduction factors which, multiplied into the onlinates of the curves 
in Table 114, shall reduce the areas of the curves to correspond to the actinometer readings. 

Table 115. 

Factors for reducing bolometric to the standard of actinometric results. 



Bolometer observations. 



Lone Pine I 

Lone Pine II 

LenePinein 

Mountain Camp I. .. 
Mountain Camp la. . 
Mountain Camp II. . 
Mountain Camp III. 



Calories by 
actinometers.* 



1.765 
1.536 
L340 
1.972 
1.808 
1.745 
1.423 



Reduction fac- 
tors; ratio 
of calories to 
Lone Pine I. 



1.000 
.865 
.750 
1.118 
1.075 
.080 
.807 



y 



* These values differ so slightly fh>m those on pp. 04 and 08 that it was 
not considered necessary to repeat these calcuUtions, using the more exact 
values there given. 

The next table gives the finally adopted ordinates of bolometric curves, the areas of which 
correspond to the readings of the actinometer at the same time. It was obtained from Table 114 
by applying the above reduction factors. 
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Table 114. 



Mean results of Tables 112 and 113 corrected for metaUie absorption and angle of dyf^aeiUm^ extended 
to wave-length 2''.4, and again reduced to represent one and ike same amount ofkeat for each series, 

MEAN RESULTS OF TABLES MULTIPLIED BY FACTORS FOR SELECTIYB ABSORPTION OF 

METALLIC SURFACES AND ANGLE OF DIFFRACTION. 





Lone Pine. 


Mount Whitney. 


L 


1 

n. 


m. 


L 


la. 


n. 


ni. 


A=0^.350 


25.1 

28.4 

50.1 

110.6 

153.9 

201.0 

191.1 

155.5 

100.2 

76.4 


' 11.6 
, 18.1 
I 34.3 

102.1 
1 149. 9 
; 204.7 

207.7 
' 175.5 

109.4 
j 67.6 




5.2 

16.3 

93.7 

154.9 

211.8 

214.1 

177.0 

108.0 

67.7 


35.7 

89i2 

64.0 

155.8 

204.8 

223.3 

192.1 

142.6 

89.8 

64.5 


13.7 
21.5 
63.1 
151.0 
199.1 
223.2 
202.8 


16.5 

20.6 

42.6 

15L0 

205.6 

230.7 

907.0 


6.7 


.875 


15i9 


.400 


48.7 


.450 


146.8 


.500 


198.2 


.600 


227.4 


.700 


218.2 


.800 

1 .000 


153. 5 * 159. 7 
93.2 1 95.8 

64. 1 1 00. 7 


160.7 
100.5 


1 .200 


60.9 


1 









EXTENDED BY SUBSEQUENT MEASURES. 



Sams from '^.SS to 1*^.20. . . 
A=l'*.400 


1092.3 


1080.9 


5ao 

42.5 
29.6 
18.9 
10.1 
3.2 


51.4 i 


1 .600 


37.9 1 


1 .800 


26.5 1 


2 .000 

2 .200 

2 .400 


17.0 
9.2 

2.9 1 


Area above 1(^.2 

Area below 1*^.2 i 




55,125 
19.875 


57,300 
17,700 


Total area ' 




75,000 


75,000 ' 







1048.7 



1211. 8 



51.1 
37.7 
26.4 
16.9 
9.1 
2.9 



50.1 
38.2 
27.5 

ia2 

10.2 
3.4 



57,375 
17,625 

75,000 



57,200 
17,800 



75,000 



1185i2 



1190.2 



118a 



46.9 
85.1 
25.5 
17.4 
9.8 
3.3 



58.150 
16,850 



44.8 


40.5 


33.5 


29.9 


24.0 


21.3 


16.0 


14.2 


9.1 


&2 


3.3 


3.2 


59.100 


60,375 


15,900 


14,625 



75,000 



75,000 



75,000 



Under I are the proportionate energies for each wave-length at noon. Under n are the proportionate energies 
for each wave-length at afternoon, under III are the proportionate enerfdes for each wave-length at late after- 
noon observations. The corrections for selective absorption in the apparatus, and for the angle of diffraction 
having been applied, the numbers now represent the true distribution or energy for each series. 

Having now obtained the areas of the curves, we are prepared to still farther improve the 
results directly obtainable from the observations made with the spectro-bolometer by combining 
the latter with the still more nameroas results of actinometer observations. For this purpose we 
have merely to reduce the total areas of all the spectrum curves until the relation between them 
is the same as that of the solar radiation measured under like conditions by the actinometer. 

We therefore determine reduction factors which, multiplied into the ordinates of the curves 
in Table 114, shall reduce the areas of the curves to correspond to the actinometer readings. 

Table 115. 

Factors for reducing bolometric to the standard of actinometric results. 



Bolometer observations. 



Calories by 
actinometers.* 



Lone Pine I 

Lone Pine II 

Lene Pine III 

Mountain Camp I. . 
Mountain Camp la. 
Mountain Camp II. 
Mountain Camp III 



1.765 
1.526 
L340 
1.972 
1.808 
1.745 
1.423 



Reduction fac- 
tors; ratio 
of calories to 
Lone Pine I. 



1.000 
.865 
.759 
1.118 
1.075 
.989 
.807 



y 



* These values differ so slightly from those on pp. 94 and 08 that it was 
not considered necessary to repeat these calculations, using the more exact 
valo^ there given. 

The next table gives the finally adopted ordinates of bolometric curves, the areas of which 
correspond to the readings of the actinometer at the same time. It was obtained from Table 114 
by applying the above reduction factors. 
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and bine, and a resulting value of the solar constant between 4 and 5 calories. (See column 0, 
Table 120.) 

Our observed values here appear to us to bring novel and important data, but they are still 
not complete enough to enable us ti) determine the rate at which the transmissibility for each ray 
increases for like air-masses as we ascend in the atmosphere, though they show here how enor- 
mously this transmissibility diminishes between one ray and another as we pass from red to violet. 

We may expect, then, that the use of these double coefficients, while giving us a smaller value 
than that obtained with a single coefficient by the customary formula, will grive us an E)^, or energy 
outside the atmosphere for each ray, which, so far as it depends on this process, will be rather in 
excess of the truth than within it, and we shall represent our results thus obtained by a curve 
whose area shows the energy before absorption, as obtained in this way. (Scie upper curve, Plate 
XV.) The value of a unit of area in this curve in calories is determined by a comparison with 
the like curves for the mountain and Lone Pine, where the value of this unit is known from simul- 
taneous observations with the actinometor. We have, however, in what has preceded, neglected 
the consideration of the portion of the curve below I'^.O, where the coefficients, as obtained by the 
comparison of mountain and valley observations, are sensibly equal to unity. 

With these values the column 7, in Table 120, is prepared, the value {Ex ) being the energy iu 
each ray outside the atmosphere as thus determined. 

With these values of Ex as ordinates, we proceed to construct upon the normal scale the curve 
of energy outside the atmosphere shown in Plate XV by the upper line. (No. IV.) The lower 
(No. I) curve in the same plate is that of the normal spectnim already given, originally drawn to 
represent the distribution of energy in the si>ectrum of the high sun at Allegheny, and the area of 
which within the continued sinuous line closely represents 1.7 calories. The area of the curve (No. 
IV) outside the atmosphere, obtained by the process just described, is 3.505 calories, and 3.5 calories 
we regard, then,'as a maximum value of the solar constant. 

We now proceed to determine from our bolometer observations a value which we may believe, 
from considerations analogous to those just presented, to be a minimum of the solar constant, and 
one within the probable truth. All the evidence we possess shows, as we have already stated, that 
the atmosphere grows more transmissible as we ascend, or that for equal weights of air the trans- 
missibility increases (and probably continuously) as we go up higher. In finding our minimum 
value we proceed as follows: still dealing with rays which are as approximately homogeneous as 
we can experimentally obtain them. Let us take one of these rays as an example, and let it be the 
one whose wave-length is 0.6 and which caused a deflection at Lone Pine of 201. (See table of 
adopted values, &c.) The coefficient of transmission for this ray, as determined by high and low 
sun at Lone Pine and referred to the vertical air-mass between Lone Pine and Mountain Camp, is 
.970. From the obserA'^ations at Lone Pine, then, the heat of this ray nx>on the mountain shoold 
have been 

201 X -g^ = 206.0 

but the heat in this ray actually observed on the mountain was 249.7. Therefore, multiplying the 

value for the energy of this ray outside the atmosphere calculated from Mountain Gamp high and 

2497 
low sun observations (275) by the ratio L^ we have 333.3, where 333.3 represents the energy in this 

ray outside the atmosphere as determined by this second process. In like manner we proceed 
to deal with the rays already used, thus forming column 8 in table 120. 

With the values thus obtaineil as ordinates, we again construct a curve on the normal scale, 
whose area represents the solar constant on this hypothesis, so that the area of this curve gives a 
minimum value. The area thus obtained is found to be equal to 2.63 calories, the curve itself (No. II) 
being given by the line with the contour (— . — . — . — . — . — . — . — .) on plate. 

Finally we draw the curve indicated by the line ( ), whose ordinates 

are intermediate between these two. (See Table 120, column 9.) The area of this last curve is 3.07 
calories. 

We have, then, upon Plate XV four curves. The lower curve (I) represents the actual obser- 
vation of the solar spectram, including its principal absorption bands on the normal scale new 
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sea-level, as determined at Allegheny, its area within Ihe irregular line corresponding to an actually 
observed value of 1.7 calories. We have, by our subsequent long-continued observations at'Alle- 
gbeny, determined at leisure, and with all the accuracy we can at present command, the coefficients 
of transmission in this extreme infra-red portion, where we find them, in general, slightly less than 
unity. • They are given in Table 123. It is by the use of these subsequent Allegheny observations, 
below A=l'^.2 (to which point the measures on the expedition were limited), that we have extended 
the upper curves (II, III, IV) shown in Plate XV to 2'*.7 near the extremest limit of our latest 
observations. The calculated ordinates for curves II, III, IV from near O'^.S to 1''.2 coincide very 
nearly with the Allegheny ordinates in the same region. In other words, we obtain in this part of 
the infra-red nearly the same heat at Allegheny as outside the atmosphere, these rays being trans- 
mitted almost unabsorbed (always with the exception of the cold bands). 

We shall take, when necessary, a mean of these values and of those determined for the same 
rays by comparison of Lone Pine and Mountain Camp, and employ this single mean coefficient for 
each ray, slightly modifying the contour of curves II, III, IV near A = l'' so that they may not be 
discontinuous with the curve showing the results in this region as derived from Allegheny. This 
modification, it will be understood, is made only to prevent a confusion of lines which the eye could 
not follow in the plate, the four lines here blending nearly into one. Tbe measures of the areas 
have been made before this is done. The actual areas and the curves as presented, however, will 
be found to be almost exactly in the ratios already given. 

In examining these curves, the reader's attention is directed to the fact that since the large 
depressions in the lower curve corresponding to A=:0'*.94, 1*^.13, l'*.3G to l** .37, and I'^.Sl to I'* .87, 
are deemed by us to be most probably due to telluric absorption, these depressions disappear in 
the curve representing energy before absorption. Although the coefficients of transmission for 
this extreme infra-red heat, derived from observations on the intervals between the cold bands, 
are very nearly unity, the undetermined coefficients of transmission in the cold bands themselves 
are much nearer zero. Accordingly, if we measure the area of the lower curve below 0^76 (i. c, the 
whole dark-heat curve) following the sinuosities, we obtain an area for this part alone, which is less 
in proportion to the corresponding area in curve three; so that, roughly speaking, the coefficient 
of transmission of the dark-heat, considered as a whole, is less than might be inferred from a hasty 
consideration of the coefficients of transmission obtained from the little-absorbed portions, as given 
in our preceding tables. 

It will have been seen from what has preceded that there are at least four modes of combining 
the observations. 

I. We may compare high and low sun observations at a given place. In so doing we assume 
that tbe^diathermaneity of the air has suffered no change in the interval between the observations, 
a supposition which is very improbable ; but apart from this we know by direct comx)arison of the 
values thus deduced for the heat on Whitney from Lone Pine observations, or the heat at Lone 
Pine from Whitney observations, that this method gives results so erroneous that no dependence 
should be placed on it, when we have better at command. 

II. We may combine the simultaneous observations at top and bottom of the mountain, as- 
suming the transmission by the air above the mountain to be the same as that of the intermediate 
stratum between top and bottom, and this method is better than the preceding, but we know it to 
be incorrect by direct observation, and it gives so large a value that we cannot make use of it with 
safety.* 

III. We may endeavor to use our knowledge that the atmosphere is made up of strata having 
different coefficients of transmission by the following process : 

Consider the atmosphere divided into two strata having coefficients of transmission, which we 
will call a for the upper and b for the lower layer. First, using the customary exponential formula 
applied separately to our approximately homogeneous rays, determine the coefficient of transmis- 
sion 6a for the atmospheric stratum between top and bottom of the mountain by comparison of 
Mount Whitney and Lone Pine noon observations. These values we may accept with considerable 



* This was the method of Forbes, and he foaud the trausmissibility of the upper air the same as that of the lower. 
OwlDg to his ose of it, more than to any other cause, he obtained the result he did, which was far larger than he would 
liAve foand by the legitimate use of his actinometer alone. 

12535— No. XV 19 
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confidence, since they are quite independent of any hypotheses as to the manner in which the in- 
terme<liate atmosphere exercises its absorption. Second, let the coefficients of transmission of the 
upper air, a\ be determined by comparison of Mount Whitney high and low sun observations. 

Third, multiply the numbers denoting outside energy, obtained from method II, by the factor *• 

An example will make the subject clearer. Fig. 13 represents the homogeneous atmosphere 
divided into two strata of equal thickness, but having different coefficients of transmission, namelj", 
a for the upper and b for the lower stratum. The slanting lines represent rays from the sun, whose 
zenith distance is 60°, so that sec C=2. Then if A=true solar energy outside the atmosphere and 
J/=relative air-mass traversed=sec C=l and 2 in the above cases, the quantities written on the 
left of the upright line, or rays for zenith sun, are the energies of the ray from zenith sun, found at 
the points where written. Those on the right of the line are the energies found there when C=()0o. 

The following are modifications of the forniulje used in computing the energy of a ray before 
entering the atmosphere in redutttion of bolometric observations : 

^^' ^ "d, 

(2) ^^ = /^. 

Their truth is apparent if the law of transmission of a homogeneous atmosphere is that as> 
sumed above. In these formuhe 

cZj = registered energy of a ray when air-mass = 3/2. 
di = registered energy of a ray when air-mass = Mi. 
t = coefficient of transmission for zenith de[)th of atmosphere. 
U = energy outside the atmosphere, computed by the formula (2). 
Mz = is taken greater than Mi, and consequently d^t is less than di. 




Illuatratingr Atmo3ph3rlc Ab3orptiozi. 

For measurements taken at the upper and lower limits of the lower stratum the following 
examples are typical of the first three methods : 

Table 119. 



ConipariflOD of liiKh and low kud observa- Comparison of high and low huh obacrva- Coniparinon of high sun obserrations at 
tious at apper station. \ tions at lower station. I upper and lower stations. 



In thi« raw wo hav 

d\~\a di-Aa^ J/t-Jfi 
Substitutinu in fonitula (1)— 

Aa 

Substituting in funnula (2)— 



= 1 



f= 



— a 



1?_-^"=A 



In this case we have — 
di = Aah di = Aa^b* Jft-Jfi rrl 
Substituting iu romiula (1) — 

Aab 
Substituting in foiuiula (2) — 

ab 



In this raso we have— 

di = ^o dtr=Aah irs-Jlfi = l 
Substituting in formula (1)— 

Aa 
Substituting in formula (2)— 

i:=4£=A; 

V o 
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The meaning to be drawn from the first two of the above examples is that, if the absorption 
were invariable at all hours of the day and for all parts of the earth situated at the same height above the 
sea and subjected to tlie same air-pressure^ the comparison of high and low sun observations would give 
as the true energy outside the air, whether the absorbentmaterial were distributed uniformly through- 
out the atmosphere or were gathered into horizontal layers superposed according to any law what- 
ever. The character of the atmosphere interposed between us and the sun, however, is constantly 
varying through the day, and even if it were at rest, a vertical section would have a different 
composition from that made at a very great inclination, which would necessarily pass over portions 
of the earth's surface subjected to conditions very lUtterent from those existing at the place of 
observation. But besides these unavoidable variations of the atmosphere, we have to consider 
the effect of the actual non-homogeneity of the pencils observed on, and other objections already 
referred to, particularly that there seems to be a progressive change in the atmospheric transmis- 
sion for the same air-mass dependent on the altitude of the sun, whose rays are continually affecting 
the condition and distribution of at least one of it« constituents, atmospheric moisture. That these 
variations exist is conclusively shown by the want of agreement between the results for outside 
energy from the combination of different series, and notably by the different results from high and 
low sun observations at the summit and at the base of the mountain. The first two methods, then, 
while theoretically correct, are so only in the case of theoretical atmospheric conditions which 
nature never really presents us. 

In the third case, however, the formula gives a value for the energy outside the atmosphere 
which is certainly incorrect, or one which is only true when a=6. If «>&, as in the case in obser- 
vations made on Mount Whitney, EyA^ but since from the last equation A=^-, we could find 

a 

Aj or the true value required, if b and a were known. As, however, we can only determine a by a 
method already shown to be objectionable, the determination by method III is still doubtless theo- 
retically imperfect, though less so than that by method II. For rciisous given later we may expect 
that the value found by it is more likely to be in excess than in defect. 

There remains the fourth method which we have described as furnishing the most trustworthy 
minimum value; t. e., from the Lone Pine high and low sun observations of each ray, compute what 
should have been observed at Mountain Camp, and then multiply the value representing the con- 
stant for the ray obtained from high and low sun observations on the mountain by the fraction 

Value actuaHy observed on mountain 

Value computed from Lone Pine observations 

We thus obtain the values in column 8. The following are the combinations which have been 
made: 

No. 1. Lone Pine I and Lone Pine II. 

No. 2. Lone Pine I and Lone Pine III. 

No. 3. Mountain Camp I and Mountain Camp II. 

No. 4. Mountain Gamp I and Mountain Camp III. 

No. 5. Mountain Camp la and Mountain Camp III. 

No. 6. Lone Pine I and Mountain Camp I. 

No. 7. Lone Pine I and Mountain Gamp I (using 2 coefficients of transmission). 

No. 8. Mountain Camp I and II multiplied by factor from Lone Pine observations. 

No. 9. The mean of 8 and 7. 

The results follow in the next table. Nos. 1 to 5 are obtained by method I, No. 6 by method 
II, No. 7 by method III, and No. 8 by method IV, while No. 9 is the mean of 8 and 7. 
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Table 120. 



ENERGY OUTSIDE THE ATMOSPHERE. 



No. 1. ' No. 2. 



6t.8 

52.2 

8G.1 
139.3 
1K4. 
2-»9. 
202.4 
159.4 ' 
lOtI.3 I 
100. 5 j 

70. 3 

.w. : 

38.6 I 
24.5 I 
13.0 
4.1 I 



00 

75. « 
100.7 
13R.0 
175.9 
224.9 
207. 1 
167.2 
110.6 



1 


8 



93. 
71. 
51. 
36.0 
22.9 
12.2 
3.9 



Ko.3. 


No. 4. 


No. 5. 


Ko. 6. 


No. 7. 


No. 8. 


No. 9. 


100.2 


77.4 


24.0 


24&2 


203.9 


122.5 


163.2 


96.7 


65.8 


30.9 


242.1 


196.6 


110.0 


163.3 


123.3 


90.3 


93.1 


290.7 


243.2 


139.1 


190.7 


204.0 


197.9 


189.0 


1046.0 


783 2 


105l5 


544.4 


258.8 


2M. 8 


246.8 


1099.0 


H52.9 


374.1 


613.5 


274.2 


276.4 


27.1. 5 


587.8 


514.7 


333.0 


423.8 


225.8 


229.4 


242.0 


340.6 


317.7 


255.4 


286.5 


160.9 


167.6 


181.0 


175.7 


173.9 


167.3 


170.6 


106.7 


107.7 


111.3 


101.2 


102. 3 


105.0 


1W.7 


87.0 


81.9 


81.5 


57.3 


61.3 


78.2 


09.8 


72 4 


67.1 


62.3 


49.3 


52.2 


65.1 


68.7 


55.5 


51.6 


46.9 


43.5 


45.0 


48.0 


46.5 


40.2 


37.4 


34.4 


36.0 


36.4 


39.2 


87.8 


26.5 


24.7 


23.7 


27.5 


27.1 


29.1 


28.1 


14.5 


13.7 


13.1 


18.4 


17.5 


19.4 


1&6 


4.5 


4.3 


4.2 


7.5 


6.8 


7.0 


6.9 



AREA OF OUTSIDE CURVE. 



Above A =1/1.2 

Belom A=1m.2 

Total area 

SoLAB COX8TAXT (calorieH) . 



61.900 63.075 I 70. 625 I 70,500 : 70,530 l.'>2,950 
26.030 I 24.24') 25.490 | 23, 760 , 22,320 20.710 



2.067 I 2.053 



2. 260 I 2. 217 I 2. 183 



4.081 



127,830 
21.230 


69.688 
26. 246 


98.759 
23.738 


1 149,000 1 95,933 


122.497 


3.505 

1 


2.630 


3.068 



The first five values are those obtaiued by combiniug high and low sun observatious at a single 
station. They are presented here only for their use in determining the seventh and eighth, and 
as showing the errors from this mode of observation, since they are demonstrably too small. The 
sixth value is that obtained by the hypothesis of Forbes. It is demonstrably too large. We need 
concern ourselves only with the values given in columns 7 and 8. Column 9 is the me^in of the last 
two, and represents a value nearly accordant with that finally ado[)ted by us. The values below 
I = 1au2 are of comparatively small importance in their effect on the sun. They are obtained by 
aid of the Allegheny observations. 



CHAPTER XIII. 



SPECTROBOLOMETER OBSERVATIONS TAKEN AT ALLEGHENY, IN 18S2, WlTtf^ 

FLINT-GLASS PRISM. . 

The following are the dates on which measurements of • atmospheric transmission were 
attempted. Those which had to be rejected for the present purpose are indicated by an asterisk. 
1882 : February 15, March 3,* March 4,* March 23, March 29, March 31, April 3,* April 4,* April 17,* 
April 24, May 1, May 2, May 3,* May 19,* May 24,* May 20, June 22, September 4,* September 12, 
September 15, November 25. 

The following table contains a record of high and low sun observations available for determi- 
nations of atmospheric transmission. 

The same notation is nsed as in the previous article, except that on some days there are 
several sets of low-sun observations, which are distinguished by subscript figures. The noon 
deflection is, in all cases, denoted by e^i, and the afternoon measures by J^, ds, &c., in the order in 
which they were taken. 

Table 121. 





DevUtioo. 


529 W 61° OC 


50O 00* 


490 30* 


490 OO' 


48^ OO' 


470 80* 


460 45^ 


46° 30' 


460 12^ 


453 53' 


450 28' 


440 30^ 




1882. 

Feb. 15 H' 
idi 












163 
3 


234 
16 


840 
115 




800 
283 




288 
165 


57 
27 






1 








1 








« m ^_ ( at 


1 






104 


183 
158 




393 
390 


428 
415 


337 
835 


212 
203 


34 
27 




Mar. 23 J Jj 

id* 
id* 


••""••*•!•"""■••* * * 
















1 






104 
30 


183 
61 




393 
241 


428 
800 


887 
270 


212 
170 


84 
24 




















1 








104 
13 


183 
31 




393 
103 


428 
138 


887 
123 


212 
124 


84 
14 




1 


















}dt 

id. 

Mar. 29 H' 
\dt 

Sdt 
id* 

Mar. 81 \% 
App.24|;{; 

idt 

^y MS 

Kdi 
idt 

idA 











104 
6 


183 
9 


398 
89 


428 
125 


337 
106 


212 
107 


84 
16 

34 

12 




'.'.'.y..'.\ ..'.','.. 










1 












1 






104 

4 


183 

7 




39:1 
60 

340 
176 


428 
93 


337 
70 


212 

80 
































104 
37 


155 
56 


299 
130 


848 
177 


295 
162 


164 
90 


24 
18 













...... ..| 



















104 
22 


155 
37 


299 

96 


340 
116 


348 
135 


295 
105 


164 

84 


24 















12 


















1 






112 
20 


173 
49 


;I06 
138 


350 
170 


335 
191 


267 
160 


176 
184 


18 
13 














"1' 




0.76 
0.11 


0.70 


11.67 
4.26 


23 
10 


38 
21 


100 
57 


140 
97 






292 

274 


268 
235 


177 
167 


33 
22 
















23 

4 


88 
8 


100 
84 


140 
64 






292 
229 




177 
149 


33 
21 






























2.20 
0.58 


11 50 
3.29 




38 
16.5 


102 
50 


158 
87.5 

• 


820 
212 


848 
241 


869 
287 


806 
226 


202 
168 


31 
25.5 




0.54 
0.15 


2.20 
1.33 


10.80 
7.15 


las 

13.23 


28 
24.71 






















•••«..•• 




































2.20 
0.61 


10.80 
3.92 


1&3 
7.42 


28 
15.20 


74 
83 


110 
62 


223 
173 


226 

207 


247 
225 


209 
192 


136 
124 


17 
21 






2.20 

0. 18 


10.80 
1.85 


1&3 
3.87 


28 

a37 

• 
































....... ... — 


















1 






1 




1 


1 
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Table 121— Continueil. 



Deviation. 



June 22 
Sept 12 



I 



1882. 
May 29 | J; 

id, 
\dt 

Jdi 
\d2 

Jdi 
\d. 

Sept 15 \ J; 

\dt 
Nov. 25 { 2; 



52° 00" 


51° 00* 

2.6 
0.23 


500 00" 

9.0 
1.70 


49030* 




16.0 
3.5.5 




2.6 
0.07 


9 
0.86 


10.6 
2.18 




0.96 
0.09 


4.5 
0.39 


" ** 

- • • « • • • • 




4.52 
0.73 


2.1.4 
5.5 






I 

470 30" 460 45" 



2.22 
0.80 



&1>8 
3.40 



1.73 



64.5 

20.8 

M.5 
5.7 

2i.G 
13.9 

24 6 



13 
0.3 



158 
60 



248 
IS.') 



158 
29.0 



7.7 



59 
39.5 

59 
27 



24.6 
2.3 

21 
1.5 



59 
12.5 

50 
7.5 



96 
30 

81 
22 




15A 
109 



524 
314 



248 
62.5 


524 
2.10 


06 
69 


223 
178 


96 
54 


223 
99 



223 
119 

185 
76 



46O30' 


460 12' 

264 
248 


45053' 


450 28' 


44030' 


235 
227 


202 
193 


141 
126 


17.5 
13 


235 
199 


261 
224 

200 
134 


1 202 

175 

175 
107 


141 
125 


17.5 
16.5 




122 
79 


17 
11 


558 
402 


604 
472 


502 
381 


322 
260 


43 
88 


5.'>8 
286 


604 
863 


502 
804 


322 
220 


43 
83.6 


257 
210 


273 
228 


206 
179 


183 
119 


19.8 
19 


257 
189 


273 
217 


206 
162 


133 
111 


19.8 
1&5 


257 
158 


273 
186 


206 
130 


133 
99.5 


19.8 
14.8 


244 
99 


290 
137 


214 
103 


136 
96 


21 
18 



The next table j^ivcs the suti's position, and the corresponding air-mass for each series in the 
previous table. 











Table 122. 


I's honr 
ingle. 








Date of 




High gun. 




Sui 

a 


Low sun. 




obfierva- 
tion. 


Sun> hour 
angle. 


Sun's zenith 
distance. 


I 
Bfiroin- 
etor (3,). 


Air niaiM 
(JfA). 


Sun's zenith 
distance. 


Barom- 
eter 0„). 


Air mass 


1881 
Feb. 15 
Mar. 23 
28 


0»2l« 
1 45 


5.303O' 
45 66 


d, tn. 
7.36 
7.38 


d. m. 
12.37 
10.61 


4^53" 

3 31 
5 06 
533 
5 43 
5 50 

4 51 

5 34 

4 51 
4k48.to5 26 
5 46 I06OI 

5 15 

4 45 to 5 01 

5 26 to5 39 

5 50 

5 48 to6 02 

6 16 to 6 26 

6 23 
437 
522 

4 38 
509 

5 38 
4 00 


85048' 
61 43 

70 00 
84 04 

86 00 

87 20 
74 34 
82 42 
73 55 

67055' to 74 46 

78 33 to8l 44 

71 46 
65 52 to 68 53 
73 37 to 76 05 

78^ 
73 57 to 76 31 

79 01 to80 49 

79 08 

71 40 

80 10 

72 28 
77 30 

88 00 
82 50 


d.m. 

7.36 

7.87 

7.36 

7.36 

7.35 

7.35 

7.35 

7.35 

7.37 

7.37 

7.37 

7.36 

7.40 

7.40 

7.40 

7.84 

7.34 

7.89 

7.87 

7.87 

7.36 

7.36 

7.36 

7.87 


d.m. 

83.78 

15.57 

37.76 

64.11 

86.66 

111.72 

27.84 

54.10 

26w52 

19. 58 to 28. 42 

87.54 to 48. 64 

28.89 

1& 06 to 20. 51 

9& 07 to 80. 25 

86.10 

26. 22 to 81. 01 

87. 95 to 44. 76 

88.27 

28.29 

42.01 

94.86 

88.41 

55.30 

5188 


23 










23 










23 










Mar. 29 
29 


080 


88 34 


7.35 


9.27 


Mar. 31 

Apr. 24 

24 


026 
Oh 12. to 1 82 


86 88 
27036' to 33 65 


7.37 
7.87 


9.18 
8.86to&89 


May 1 
May 2 

2 


1 34 
087 


82 32 
26 15 


7.36 
7.40 


&73 
&25 


2 

May 29 

29 


Vi'toiio" 


2i'42'to23 54 


7.34 


7. 90 to 8. 03 


June 22 

Sept. 12 

12 


18 
23 


17 10 
36 46 


7.89 
7.37 


7.74 
9.81 


Sept. 15 
15 


1 02 


40 07 


7.36 


9.62 


15 


. ... ••. •• 1 . 






Nov. 25 


58 


62 46 


7.87 


16.07 



From these data the coefficients of transmission throngh a stratum of air, capable of sap- 
porting !*"• of mercury, have been deduced. 



ALLBQHENT BOLOMETER OBSERVATIONS. 
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Table 123. 

CoffficienU of tran»mi*»ioii. 



Deviation 


52000/ 


51O00' 


50OC0' 


4903O' 


40O00' 


48O00' 
0^.550 


47030^ 


46045' 


46O30' 


46° 12' 


45033' 


iS02» 


4408O' 


A= 


0''.358 


0^.383 


O'*. 416 


0^440 


0^4«8 


u''.615 


o'*.781 


0^.870 


1^01 


1^20 


1^50 


2^.29 


Feb. 15 












.946 


.063 
.971 
.960 
.967 
.961 
.968 
.945 
.99 
.030 
.975 
.976 
.961 

.974 


.965 

• • • • « • 

.955" 

.975 

.955 

.972' 


Vow' 

.982 
.975 
.981 
.982 
.964 
.976 
.959 

• • • • - • 

.975 


.004 
.094 
.067 
.079 
.984 
.9K5 
.963 
.979 
.968 
.995 
.992 
.963 


.999 
.992 
.981 
.985 
.985 
.967 
.977 
.974 
.990 

Vwo** 


.992 
.991 
.993 
.990 
.991 
.990 
.067 
.985 
.965 
.995 
.094 
.967 


.090 
.955 
.987 
.984 
.990 
.900 
.067 
.065 
.961 
.065 
.083 
.967 


lfar.23 












23 




... .... 








.946 
.058 
.961 
.967 
.945 
.906 
.906 
.963 
.967 
.953 

. • • . • « • 

.961 


28 

23 














1 




23 

Mar 2fc 














' 








20 












Mar. 31 






• 






Apr. 34 

•A 

Mayl 

May2 

2 


.006 

.ooi' 


.933 


.950 


.951 
.950 

' .974' 
.950 
.940 
.935 
.946 


.963 
.0.%4 
.945 
.990 
.906 
.9'>8 
.954 
.9.'i9 
.953 
.923 
.929 
.957 
.952 
.949 
.934 


.913 
.960 
.031 
.914 
.900 
.007 
.925 
.879 

V933 


.918 
.967 
.945 
.939 
.929 
.O-IM 
.923 
.902 

" .936" 
.933 


.089 


.906 


.996 


. 096 


.906 


LOOO 


2 

May 29 





.9.'>8 
.971 
.960 
.043 

.073 
.068 
.967 
.952 


.973 
.976 
.979 
.958 
.050 
.978 
.976 
.075 
.967 


.999 
.993 
.988 
.971 
.975 
.985 
.967 
.OHO 
.977 


.998 
.995 

".'977" 
.980 
.086 
.087 
.000 
.977 


.007 
.095 
.986 
.083 
.085 
.088 
.000 
.{<92 
.981 


.997 
.905 
.984 
.961 
.085 
.991 
.990 
.990 
.081 


.994 
.996 
.986 
.987 
.989 
.992 
.992 
.904 
.991 


.984 

. Wo 
.0A6 
.991 
.993 
.007 
.007 
.004 
.006 


20 

Juue 22 

Sept. 12 




12 

Sept. 15 




15 




15 

Nor. 25 












.907 








1 

Adopted a^* 
a .,,,,, 


.000 
.449 


.920 
.531 


.935 
.600 


.942 
.636 


.9.'H> 
.677 


.900 
.734 


.968 
.781 


.978 


.982 
.871 


.985 
.891 


.987 
.005 


.989 
.919 


.000 
.026 





By a comparison of the above table with Table 6, p. 25, it will be seen that the valaes of the 
coefficients of traiisniissiou determined in 1882, after the return of the expedition, are somewhat 
greater than those fonnd in 1881. This may be due in part to the different seasons in which they 
were obtained, but the last values are entitled to more weight, because they rest on observations 
covering^an entire year, and made With matured experience and improved apparatus. 

In all, whether in 1881 or 1882, one fact is salient within the range of our exi>eriments, that if we 
except the cold bands — the trans niissibility incretses with the wave-lengthy so that the >^dark^^ heat is 
more transmissible than the ^* light,^ a conclusion directly opposed to the at present accepted belief. 

The following noon observations, obtained on the clearest days during the year 1882, have 
been selected to give an average high sun curve. The battery current was not measured. The 
prism and lenses employed were of a specially diathermanous glass. As it was not 'absolutely so, 
a correction should bj lu ide, but thi.s h is not yet been applied. Its effect would be to relatively 
increase the values cjrrospDUiliiig to the greater wave-lengths. 

Table 124. 




April 24 
Mayl... 
May 2 .. 
Mays .. 
May 10 . 
May 24 . 
May 20.. 
Sept 4 .. 
KepU 12 . 
S>-pt 15 . 
Not. 25 . 



Mean deflection 



53^00' 



0^.330 



0.10 



U.13 



ii.oy 
0.20 



15 



52^00' 


bi°jy 


Q^.zriS 


0'*.383 


0.76 


2.71 


0.57 


2.20 


0.54 


2.20 


0.52 


1.04 


0.44 


1.27 


O.Hl 


1.35 


0.7:; 


2.56 


2.28 


7 08 


0.03 


2.26 


. 


2. 22 


0.41 


1.80 


0.72 


2.00 



60°W 4903O' 



0^.416 



11.67 

11.50 

10. MO 

0.06 

6.06 

5.06 

0.00 

20 00 

11.70 

H.08 

7.00 

11.14 




13.0 
13.8 



40O00' 


48<'00' 


4703r 


40045' 


4SPW 
0^.870 


46012' 


i;.053/ 


0^.468 


0^.550 


0'*.615 


0'*.781 


1^01 


1^20 

266 
806 


38 


100 
lOJ 


140 
158 






293 
360 


38 


820 


848 


28 


74 


110 


223 


t26 


247 


200 


30 


82 


123 


250 


281 


304 


268 


25 


60 


115 


2.'i3 


278 


30i 


253 


18 


56 


85 


176 


193 


199 


173 


24 


78 


126 


222 


23.^ 


264 


202 


68 


139 


211 


328 


843 


35:». 


r»l 


32 


79 


124 


2«2 


279 


302 


2.-»I 


2.> 


59 


06 


223 


2.'S7 


273 


200 


21 


50 


81 
124 


185 


. 244 


290 


214 


32 


81 


244 


268 


290 


236 



450^8' 


44030' 


l^SO 


2^.29 


in 


S3 


202 


81 


186 


17 


17.^ 


25 


179 


32 


129 


20 


141 


18 


170 


24 


161 


22 


111 


20 


136 


21 


158 


24 



The corrections for the selective absorption of silver and glass have not been introduced iu 
the above values. 
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The condition of the sky daring these observations was as follows: April 24, excellent; May 
1, fair blue, occasional clouds ; May 3, bine, with passing cloads ; May 3, faint haze, in irregalar 
wisps; May 19, very thickly milky, with some cloads; May 34, rather irregalar milky blae, with 
clonds; May 29, good blae; September 4, milky blue, with cumulus clouds; September 12, milky 
blue j September 15, milky blue, with fracto cumuli ; November 35, blue, with clouds. 

The air-masses at the time of observation are given in the next table. 

I 

Table 125. 



Date oi obMrvmtlon. 



April 24 

May 1 

May 2 

Hay 8 

May 10 

May 24 

May 29 

September 4 
September 12 
September 15 
Norember 25 



Mean alr-maaa. 



Sun's hoar 
angle. 



0*51- 
1 84 
37 
48 
88 
07 
01 
50 
22 
U2 
58 



Snn'a senith 
distance. 



30 10 
82 32 
28 15 
28 45 
22 07 
10 41 
22 48 
35 55 
38 48 
40 07 
62 48 



Barometer. 



7.87 
7.88 
7.40 
7.38 
7.38 
7.37 
7.34 
7.37 
7.37 
7.38 
7.37 



Air-maaa. 



cLm. 
8.51 
a73 
8L25 
&27 
7.08 
7.83 
7. 98 
9.10 
9.21 
9.62 
18.07 



9.23 



CHAPTER XIV. 



THE TRANSMISSIBILITY OF OUR ATMOSPHERE FOR LIGHT. 

The abRorption by oar atmosphere of the heat in any ray must always be proportioDal to that 
of the light in the same ray, since light and heat are bnt names given to different manifestations 
of the same energy. It was of evident interest, then, to determine the transmissibility of the 
atmosphere at Monnt Whitney for light; but as this was merely an adjunct to the study of the 
heat, no special photometers had been provided. 

There is, however, one method of determination which requires none. 

In 1877, Prof. E. 0. Pickering suggested to the writer, who was then at>out to visit Monnt 
Etna, that an estimate of the transparency of the atmosphere there might be made without any 
photometric apparatus, by comparing the light of two stars, one near the zenith, the other near 
the horizon, at the moment when they appear equally bright; for the absolute brightness being 
known from the magnitudes in the Star Catalogue, and the masses of air traversed by the rays 
being computable subsequently from the times of observation, we have all the data demanded by 
the usual formula. This method was therefore used on Mount Whitney in the following observa- 
tions, made under my instruction by Mr. J. E. Keeler, assisted by Mr. W. C. Day. 

Let it be understood that for our present purpose we use the word "light'' as synonymous with 
the expression ** light between the wave-lengths 0^.4 and 0^.7,'' and let this light of the sun or a 
star before absorption by our earth's atmosphere be denoted by L. If the celestial body be viewed 
in the zenith, a portion of the light will have been absorbed and a portion transmitted when it 
reaches an observer at the sea-level. The fraction expressing the percentage transmitted to the 
sea-level is called the coefflinent of transmissiotij and denoted by {, so that the original light L 
becomes LI after absorption by one such stratum, and would, if the light were homogeneous, become 
Ll^ after absorption by n such strata. The light is not really homogeneous, but we shall first (in 
accordance with custom) here consider it as such, and shall afterward point out the consequences 
of this incorrect assumption. The absorption depends not upon the length of the path, bnt on 
the mass of air traversed,* and we may choose as the unit of mass anything we please. Since the 
weight of the mass of air in a vertical column above us equals at the sea-level that of 760 mm. 

of mercury, f-^ will represent the transmission by a mass i^ as great, or to that of the mass cor- 
responding to one decimeter of mercury (always on the assumption that the light is homogeneous, 
and the law of extinction such that the percentage transmitted by any one unit stratum is the 
same as by another, or that Ms a constant). When the words "coefficient of transmission" are 
used without qualification, the transmission for the entire atmosphere {I) is referred to. 

I arranged the subjoined form for the few observations made on Mount Etna,t which gave a 

transmission of 90 per cent, at that station, where the barometer was 660 mm. (r-'sOO), whence by 
reduction to the sea-level, 2=0.88. The early observations by Bouguer| give, when expressed in the 
same terms as ours, i=0.812; those by Seidel§ give J=.794; the recent ones by Professor Pritch- 

* This statement is asnally treated as axiomatic, and we do not here discass it; but plausible reasons may be 
offered for thinking that the same mass may not exert die same absorption under different densities. 
tSee American Journal of Science, July, 1880, page 3. 
I Bouguer, ** Traits d'optique," Paris, 1760. 
^ '* Untersuohungttii iiber die Extinction des Lichtes.'' Potsdam Obs. Rep., Vol. Ill, No. IV. 
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ard, at Cairo,* give a higher value (Z=.843); those at Oxford give Z=.791; the still more recent 
observations by Miillert give Z=0.825. Other values might be cited, giving abundant testimony 
that the absorption of light at the sea-level, in the opinion of the most trusted observers, is about 
20 per cent, for a zenith star. In nearly all these observations, so far as is known, the same formula 
that we here employ provisionally, and under caution, has been used without reserve. 

In all of them but the first, the determination has been made by photometric apparatus, but it 
is the peculianty of the present that none is absolutely demanded; for let L be the original light: 
\f 1 = the coefficient of transmission of light for a zenith depth of atmosphere, assuming no 
selective absorption of light, the light from this star in the zenith would become LI. 

If m = the mass of air traversed by the rays from the star at the zenith distance, C, the light 
reaching the observer, is l^L. 

If we select two stars at different altitudes, which appear equally bright to the eye, we have 
a means for determining Z, provided the altitudes and magnitudes of the stars are known; for, 
since the apparent amount of light from each is the same, 

Z™^i^=Z™*I^ wii log l+log Li=zin2 log l+log Lt 

from which 

log i^^ O ^"^9 I^ i 

We shall here assume that the magnitudes of stars bear a relation to their light expressible 
by the formula log X=— .4 M^ where L is the light and M the magnitude of the star. 

The observations (which can be made by one person) have in this case, in order to eliminate 
personal peculiarities, been made by two observers, each of whom independently selects two stars, 
one not far from the zenith, and one only so far from the horizon as not to involve any sensible 
error in taking the air-mass proportional to sec. C. The two stars so selected must be of apparently 
equal magnitudes; and since the lower star, whose light has suffered greater absorption, must 
really be the brighter, the amount of this absorption is determined by the formula just given, 
which is that used implicitly or explicitly by all the observers just cited. Having selected the 
stars, the two observers then confer with each other and unite on what they deem .the most perfect 
match, a search and comparison usually occupying some time, during which many comparison 
pairs are observed and rejected before one entirely satisfactory is found. When this is found, the 
time is noted to the nearest minute, and from this and the latitude, the secant of the zenith distance 
is obtained by subsequent computation. The tables which follow will be intelligible without 
further explanation. 

The magnitudes of the stars used for the following comparisons have been furnished by the 
kindness of Prof. E. C. Pickering, director of the Harvard College Observatory. 



• Memoirs of the^Royal Astronomical Society, vol. XL VII, p. 416. 
tPablicatious of Potsdam Observatory, 1863. 
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Table 126, 

[SUtloD. Uonntaln Camp. Obaerrtn, J. E. E. and W. C, D.l 



Sate. 


HMD 

time. 


BtanmMchad. 
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<^ '^^i&r 


Kh- 


Lojl" 


i'"' 


Abk.28 
!8 
28 

Aug, 29 

2S 


s»ie- 

8 47 
8 47 

923 


ISSS".'::::::-: 


1 1 

23° [3.28 |-1,31 










+3. as 


-o.ii 


-0.034 


0.08 




12 13.31 1-0.92 




+iM 


+0.17 


+0.071 


1.18 




+2.34 


+0.1B 


+0.084 


1.10 




J.Vifpnl* 


+0.18 


-0."J0 


-0.032 


0.93 


JSLibro 7»t 1 2.74 1—1.09 


+4.39 


+0.1B 


+0.034 


1.08 




74 ' 2.01 I— ! IB 


+ 1.34 


-o.ii 


-0.119 


0.70 




+1.S1 -6.MI 


-0-881 


0.41 


Aim. SC 1 8 M 
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pStorpli 
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-0.239 
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S' Jii:h:S 
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27 4,1S|-L64 


+Z41 


-0,07 


-0.029 


0.94 


"i •" 


+ S.37 


-0.01 


-0.00T 


0.98 




+5.28 
+3. OS 


+0.0S 


+0.009 


l.OI 




(vDelphiol 

jBSerpenllV!!;!.. 




+"3.73 


-0.03 


-0.008 


0.08 


., i ,. ,. 


rfeffiS::::::; 

ijiSerpeBllB 

!:£SU:::::: 

JiCyKBi 

).S«pei,t[, 

lis-ri,.-..:- 

ptrt',r.::: ■:- 


+T43 


-0.13 


-aois 


0.97 


1 » 


+8.4S 


-0.!S 


-0.030 


0.93 




82 2.71 

i IS 
'•'IE 

i'^ 2177 
7ii 2,91 
ri 3.22 
7J 3.00 
■.'1 1 2. 36 

;jt 2.M 
;■-; 2:111 

11 
111 


— l.M 
-l.3» 

zli 

— i!io 
~i. 11 

-1.28 


+ftl« 


+0.18 


+0.028 


1.08 


31 10 34 


""+ih 


-0.81 


-0.0S0 


0.88 




+0.09 


+0.040 


1.10 




+ 1.99 


-0.14 


-•■" 


9.85 




+1.50 


+o.o« 


+0.040 


1.10 
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SiCygni 

i.lfraBm^lori,.,. 

iflSforpil 

(.DrtKnuJorii... 

UcJ^veoat::::: 


+a3i 


-0.09 


-0.039 


0,91 




-1.02 

-lin 
=!:S 

-0,02 


+2.M 


+0.08 


+0.080 


i.M 


1 


+2.41 


-0.19 


-0.079 [ 0.(3 


* 


B2S 

8 42 
8S3 


+2.30 


-0.14 


-0.001 j 0.87 




+3.19 


-0.20 


-O082| 0.«. 




+2.37 


-0.10 


-.^«' ^" 




+3.41 


-9,37 


-...09 


0.78 




+4.M 


-0.08 


-0.020 


0.M 




ilTj'™ii'aj'od;i": 


10 


+2.86 


-0.11 


-0.049 


0.S9 


10 




m 


'" 


+1.97 


-0.08 


-0.030 


o.ie 



Dnriag tliese observations the sky was constaotly clear. Ua one occasioD, September 9, the 
horizon was rather bright, owiog to the Huoset on one side aud the rising moon on the other. 

The mean fromtJiese thirty pairs of high and low stars at the Mountain Oamp gives for the 

value of atmospheric transmission of stellar light I ^ = 0.92 ± ,02, whence I=.88. A series of ob- 
servations (not here given) made as the party was returning across the Inyo Desert, at a mean alti- 
tude of less than 4,000 feet, gave a smaller value for { than those on the mountain, I do not, regard- 
ing the considerable probable error, attach great weight to the value .88 above given, or to its 
coincidence with that obtained on Etna. It is certain that to obtain an entirely trustworthy value 
the exclusive time of the whole party during our stay on the mountain would have been insufllcient ; 
and it is doubtftil whether there might not, even then, remain some systematic error tending to 
affect the results, as the conditions favoring systematic error are all present. 
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Professor Pickering, whom I coDsulted with reference to his own experience as to the value of 

high and low star comparison, writes me as follows: 

Harvard Collbor Observatory, 

CamMdge, U. S., October 15, 1883. 
* * * We have fonnd here tliat the comparisons of higli and loinr stars give a result apparently affected by a 
systematic error, according to whicli the lower star seems too bright, and the resulting coefficient of transmission will 
be made too large. The coefficient of transmission resulting from the observations of this kind made here has not 
been determined, but the observations give residuals from SeideVs tables of absorptions, ranging from one-tenth of a 
magnitude at a zenith distance of 65^ to eight or nine-tenths close to the horizon. SeidePs table for extreme zenith 
distances does not agree precisely with that for ordinary zenith distances at the junction of the two, and at about 
86^ the comparisons between high and low stars made here give results exceeding those of Seidel for difference of 
absorption; but the general result is the reverse of this, as already stated. • • • It may be a general rule among 
observers that the lower of two stars seems comparatively bright. • • • 

Very truly, yours, EDWARD C. PICKERING. 

We may observe that, whether there be a systematic error or not, we may be confident of our 
ability to draw the entirely legitimate conclusion that, at any rate, the air at such a site as Mount 
Whitney is not only clearer than at the sea-level, owing to its rarity, but intrinsically clearer, and 
in a very marked degree — clearer, that is, when equal masses of air from the mountain and sea-level 
are compared. 

I have already remarked that, since we cannot actually observe the radiation of either sun or 
star before absorption, we cannot determine the coefficient of transmission except by employing 
some hypothesis; and that the ordinary assumption made implicitly by all the observers cited (the 
assumption that the original brightness and the coefficient can both be determined from the simple 
exponential formula used here) is erroneous, and not only theoretically so, but that it leads to sensi- 
ble error in practice when we neglect, as we do in using this formula, the effects of selective absorp- 
tion. I have alluded elsewhere to this fact in this same connection (see American Journal of Science, 
July, 1880, p. 37), and more recently I have demonstrated,* though not with the greatest generality 
possible, that when we neglect the efle<)ts of selective absorption the exponential formula not only 
gives erroneous results, but results which always err in one direction only, and under all circum- 
stances make the calculated value of the original energy, light, or heat too small. I have also 
stated that the absolute value of the error introduced may be very considerable indeed, and that 
in the case of previous investigators the use of this formula by them has given a value for tbe 
solar heat essentially smaller than my subsequent determinations, in which the selective absorp- 
tion is taken into account. These general views have already been developed in this volume in 
the chapter on the theory of the spectro-bolometer. I repeat them here with special application 
to photometric determinations. 

Let us now consider whether they may not enable us to account in part for the fact suspected 
by us, and confirmed by Professor Pickering, that ^Hhe comparison of high and low stars gives a 
result apparently affected by a systematic error, according to which • • • the resulting 
coefScient of transmission will be made too large.'' 

Having found that the actual energy (whether shown as heat or light) of the sun, as deter- 
mined by the ordinary method, is, so far as it depends upon this method, always too 9fnaUj and 
that the error is always (when referred to the same unit air-mass) greater when the absorption is 
greater, or when the sun is nearer the horizon, let us now apply these considerations, which belong 
equally to the stars, to the case of two stars, one of which, near the zenith, has suffered but sligbt 
absorption, the other, near the horizon, has suffered a greater one, and let us suppose that the 
real light before absorption in the two stars is approximately known. It appears, then, since what 
has already been demonstrated (loc. cit) as reganis heat applies equally to light, that the coefScient 
of transmission, which would be found by separate photometric observations, is larger (as reduced 
to the same unit stratum) when* obtained from the lower star than from the other; and as the 
coefScient derived by the exponential formula from the direct comparison of the two stars will be 
intermediate between these two values, of which the least is itself too large, the coefflicient of 
transmission obtained from the comparison of high and low stars will always be too great 

The above demonstration does not tell us in hotc great a degree this coefflicient is too large, 
and, for aught we have here demonstrated, the error may be practically negligible. We have 

* Comptes Rendus, tome 92, p. 701. 
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already stated that as a matter of fact, however, it is not negligible; and we are prepared to 
assert that the error is far greater than has been supposed. For it may be observed, in general 
terms, that since the rays with large coefficients are represented by diminishing geometric progres- 
sions, whose common ratio is near unity, these rays will persist, while others with small coeffi- 
cients are very early extinguished ; and something like this was shown by Biot, at the time when 
Melloni's first observations on the transmission of heat through successive strata attracted atten- 
tion. But what we desire now further to point out is, that according as the difference of these 
coefficients of transmission for the different portions of the light of the same star is greater, so will 
the error of the result in treating them as equal be larger, a consequence so obvious that it is only 
necessary to make the statement in order to have itfi truth recognized. 

Since it has now been demonstrated that the formula ordinarily employed leads to too small 
results, it might properly be left to those who still employ it to show that their error is negli- 
gible; but this has never been^one. There is possibly an impression that if there were any con- 
siderable error its results would become apparent in such numerous observations as have been 
made all over the world in stellar photometry during this century. But it is, in my opinion, a 
fallacy to think so; and I believe, as I have elsewhere tried to show, that the error might be enor- 
mous — that the actual absorption* might be twice what it is customarily taken, or 40 per cent, 
instead of 20 per cent., without the errors being detected by such observations as are now made. 

It is true that this error affects all magnitudes nearly alike, and consequently is not of the great 
importance in stellar photometry (which deals chiefly with relative magnitudes) that it is in solar 
work. All of those who, while admitting the sufficiency of the foregoing demonstration that error 
of a definite kind exists, continue to use the erroneous formula, may, however, be invited to con- 
sider whether the burden of proof does not properly lie with them, and asked to demonstrate that 
the continued use of methods and formula certainly in some unknown degree erroneous does not 
involve an error equal to the entire amount of the absorption* in question. 

Nothing in what has preceded is calculated to disprove the observations made both by Pro- 
fessor Pickering and the writer, to the effect that in the special method of high and low stars there 
is also a systematic error calculated to give too large a coefficient of transmission, as compared 
with the ordinary method. What I have demonstrated is that both this and the ordinary method 
necessarily give too small a result for the absorption. 



*The word '' absorption " is used, it will be remembered, in a geueral sense here for every process in our atmosphere 
by which the light is prevented from reaching us, snch as its scattering by dust particles, ^c. 
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SKY EADIATION. 

The heat sent in all directions from the sky is diflused or reflected or radiated sun heat, and 
the original intensity of the sun's radiation has evidently been diminished by this amount. 

If we consider the analogy of light in the simple case of a single white cloud in an otherwise 
clear sky, we observe a greater amount of light from the cloud than from the adjacent parts of the 
heavens; but in this case we gain the added light at the expense of that portion of the earth in 
the cloud's shadow. If the sky is absolutely cloudless, however, it is clear that every point in our 
horizon is receiving sensibly the same amount of light which we do at our own station, and in this 
case we must admit that if we could rise to the upper limit of our atmosphere we should find the 
sun brighter (I) by the amount which the whole sky sent us at oursUition, and (2) by the amount 
which the sky diffuses, reflects, and radiates aicay from that station. If we add to the direct solar 
nuiiation only that directly observed from the clear sky, we obtain, then, an amount certainly less 
than that representing the radiation before absorption, a statement which seems to me incontro- 
vertible, though advantage does not seem to have before been taken of this fact to determine a 
minimum value for the solar constant by a method perhaps the most trustworthy of all in oar 
possession. 

It is very desirable, then, to get the relation between sunlight and skylight in a clear sky; 
but I shall have to depend here largely upon evidence from other sources than our own direct 
observation on Mount Whitney, as the apparatus fltted for this end (such as the Marie-Davy 
thermometers) either failed to reach us in time for use, or was, as in the case of the solar com- 
parator, not well adapted to the purpose, and as the already overburdened observers had no 
time to organize other experiments during the brief stay of the expedition. 

It may be well to remark that, besides observation, we are not without the aid of theory upon 
this subject, which has been treated by the distinguished physicist, K. Clausius,* with great thor- 
oughness from a theoretical standpoint. 

It may be premised as almost self-evident that as the direct sunbeam is diminished in trav- 
ersing a greater depth of atmosphere, the relative sky radiation will be greater. We first present 
a part of the result of the investigations of M. Clausius on this point in the following table, where 
the ratio of sky radiation to sun nuiiation for different altitudes of the sun is given first from the 
theory of M. Clausius, and second from direct observation at various stations.! 

Table 127. 



n«)i};ht of 
the Huu. 



20O 

35 

30 

35 

40 

50 

60 



T?ii"sr.f ""••••''•'B. 



0.38 
0.55 
0.71 
0.86 
1.00 
1.24 
1.43 



0.35 
0.48 
0.65 
0.82 
1.00 
L37 
1.60 



Cheetham. 



0.10 
0.20 
0.23 
0.26 



Hun 
cheHtcr. 



0.10 
0.11 



0.28 



Kow 



0.36 
0.47 
0.57 
0.65 
0.75 



Linbon. 



0.37 
0.44 
0.51 
0.64 
0.82 
1.02 
1.43 



* See Poggendorf, Annaleu. Vol. 129, p. 230, 1866. 
tSee also Kadau's '* Radiations chimiqaes da soloil.'* 



168 



SKY RADIATION. 



159 



We have here, for instance, for a height of the sun of 60^, the statement that at Heidelberg 
the direct radiation of the sun was 1.6 that from a clear sky. 

It is to be observed that the radiation considered in these experiments is not the total radia- 
tion of the entire spectrum, but of a sun emitting energy of a certain wave-length and transmissi- 
bility. This wave-length can only be obtained inferentially. It is that probably not far from 
Of^.So to 0'».4, or that near the border of the invisible "actinic" spectrum, where the radiations 
appear to have been most efficient on the whole for the various chemical means here employed in 
noting it, and it corresponds in the theory of M. Clausius to the ray whose coefficient of transmis- 
sion is about 0.56. 

The following table has been calculated by Clausius on the assumption that the coefficient of 
atmospheric transmission (p)=0.75 by the formula 

C=Z COB z^i—p*) 

where 

0=light reflected and diffused by the sky, 

J=intensity of sunlight upon a surface exposed normally to its rays, 

i9=intensity of sunlight upon a horizontal surface, 

j?=zenith distance of sun, 

f=secant of zenith distance of sun, 

COS;? (1— !>• )=the loss undergone by the direct light of the sun, 

Z=ratio of portion lost to that reflected and diffused by the sky, as determii»ed by 

Clausius's theory of the diffusion of light. 
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0.26 


15 1 


75 


0.53 


0. 33 0. 09 


0.09 


0.18 


0.42 


20 1 


70 


0.58 


0.43 1 0.15 


0.11 


0.26 


0.54 


25 , 


65 


0.61 


0.51 1 0.21 


0.18 


0.34 


0.63 


30 


60 


0.63 


0. 66 0. 28 


0.14 


0.42 


0.70 1 


35 ' 


55 


0.65 


0.61 


0.35 


0.15 


0.50 


0.75 1 


40 1 


50 


0.67 


0.64 


0.41 


0.16 


0.57 


0.80 


50 1 


4U 


0.70 


0.69 


0.53 


0.17 


0.60 


0.86 


60 ' 


30 


0.72 


0.72 


0.62 


0.18 


0.80 


0.89 


70 1 


20 


0.73 


0.74 


0.69 


0.18 


0.87 


0.92 


80 


10 


0.74 


0.75 


0.74 


0.18 


0.92 


0.93 


90 

1 





0.74 


0.75 


0.75 


0.19 


0.94 


0.94 



According to this table it will be seen that when the sun is at an altitude of 40^ the light 
given by the entire sky is 25 per cent, of that received upon a surface exposed normally to the 
sun^s rays. 

Photometric comparisons of sunlight and sky-light can seldom be made at Allegheny, on account 
of the ranty of a satisfactory blue sky. A single day's experiment* there (October 30, 1883), on 
an exceptionally fine day, gave the ratio of total sky-light to sunlight i^, the altitude of the sun 
being 38^ and thelight coming from the central part of the solar iiskj and being therefore richer in blue 
rays than the average solar light. The comparison was made by a Bunsen photometer disk. The 
sunlight was reflected by the siderostat mirror through a hole 0.635 mm. in diameter (area 0.314 mm.), 
placed at a distance of 25.2 ni. from the disk, forming there an image of the sun 0.24 m. in diameter. 
The sky-light was reflected by a similar mirror through an aperture 5 cm. square, situated at the 
other extremity of a long darkened passage, and distant 3.3 m. from the Bunsen disk when equality 
of lights was produced. For equal areas the ratio of intensities of sunlight (central part of solar 
disk) to zenith sky-light was consequently 

^j[^^^^:^}. =0.00000215 
2,500 X (25.2) 

and the ratio of areas of the solar disk to the entire sky being 0.00001107, the ratio of total sky- 

215 
light to sunlight would be _ — =0.19, if the average light of the solar disk were the same as that 

.A.m.X.\j t 



The experiment was conducted by Mr. F. W. Very. 
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at the center. From measurements made at Allegheny, bat not given here, we have foand that 

the average brightness of the solar disk is 0.8 of that at the center, whence the ratio of total sky- 

19 
light to average solar light would be '- =0.24, which is in close agreement with the calculations 

.o 

oT ClausiuH, based on the assumption that the average coefficient of transmission for the luminous 
rays between A and H is 0.75. 

Professor Tyndall attributes, as is well known,* the blue color of the sky to selective reflection 
from fine particles of dimensions comparable with the wave-lengths of the more refrangible rays, 
a conclusion which we need hardly say we accept, since our whole theory of selective absorption t 
in the present work rests upon the belief that the heat is reflected and diffused by particles of 
various sizes, the grosser ones exercising a general absorption, the finer ones a partially selective 
one, the finest a purely selective one. (See pp. 13 and 14.) 

Messrs. Bunsen and Boscoe have measured the direct effect of sunlight and sky-light upon a 
mixture of equal volumes of chlorine and hydrogen, in which, when exposed to a moderate radia- 
tion, chlohydric acid is generally formed. 

We quote the table which they give, the effect being stated in ^^photo-chemical degrees."} 

Table 129. 



Direct rays. 



Height 
of sun.*, jj^^^ 

I t'ffect, I. 



0© 

10 
20 
30 
40 
50 
60 
70 
80 
90 



0.0 

2.« 

27.9 

00.2 

80.7 

107.4 

121.6 

131.2 

1S&7 

138.4 



Vertical 
©flfect, a. 



0.0 

0.5 

9.5 

30.1 

56.0 

82.2 

105.4 

123.3 

134.6 

138.4 



Sky, a 



3.1 
15.1 
24.7 
31.7 
36.1 
38.1 
39.1 
39.6 
39.7 
39.7 



Total light, 


Total light. 


3.1 


3.1 


15.6 


17.7 


34.2 


52.6 


61.8 


91.9 


92.1 


122.8 


120.3 


145.5 


144.5 


160.7 


162.9 


170.8 


174.3 


176.4 


178.1 


178.1 



If in place of the mixture of chlorine and hydrogen, which is sensitive to the violet and ultra- 
violet rays, we choose a substance which is more powerfully acted upon by still shorter waves, the 
effect of sky-light will appear relatively greater. Thus it will be seen by reference to the table just 
given that the effect of normal radiation from the sun is equal to that from the entire sky when 
the altitude of the sun is about 18^; but when photographic paper is useil in place of the hydrogen 
and chlorine mixture, the effect of normally received solar radiation does not equal that of sky-light 
until an altitude of 40^ is attained by the sun. It is evident, then, that the extreme ultra-violet 
rays, which chiefly affect the photographic plate, are reflected by the sky in still greater proportion 
than the violet and blue rays, whose predominance gives the characteristic sky color, a conclusion 
which confirms our observation of the enormous absorption of these ultra- violet rays. 

We need further experiments, but with our present knowledge we may say, in reference to 
what has preceded, that under an exceptionally pure blue sky, when the sun's altitude is not far 
from GO^ (which is about that in the mean of the Mount Whitney noon observations), the light 
(meaning by ^Migbt" all radiations between Oi^A and O'*.?) from the sky is about ^ that from the 
sun. If there is the slightest perceptible haze or milkiness in the blue, this value becomes greater. 
The amount sent upwanl and in other directions than toward us is, according to the estimates of 
M. Pouillet and M. Glausius, from 7 to 10 per cent. 

We conclude, then, that if we added to the effect of the observed light (i. «., total light) of the 
sun not more than one-half its amount, we should get, according to our own observations, very 
nearly the light of the sun outside the atmosphere. The mean of the total ^^heat" radiation is, 

* Proceedings of the Royal Society, No. 108, 1869. 

tMr. Koyl (JoIidh Hopkinn University circular, August, 1883) suggests that the nanie ''selective absorption'' is 
misleading, and that we should rather speak altogether of "selective reflection.'' 
t Quoted from Kadau's ''Radiations chimiques du soleil." 
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according to our observation, somewhat more transmissible than that of the part between wave- 
lengths 0^.4 and 0^.7. We have found that the lower spectral radiation, as far at least as over 
2.'' .0, is, except in the actual case of absorption bands, more transmissible than the luminous. 
Considering this ratio of total transmissibility to that of 'Might transmissibility" to be approxi- 
mately as 80 to 75, and that the ratios of skylight and sky-heat are nearly in the same proportion, 
we draw the final inference, from all that has preceded, that in the case of our highest actual 
observations of heat, taken in the purest sky, at an altitude of the sun of a little over GO^, the 
total sky-heat reflected, diffused, or radiated both toward and away from the observer is somewhat 
over ^ the directly observed solar radiation. 

12535— No. XV 21 



CHAPTER XVI. 



NOCTURNAL RADIATION. 

The oxperiineiitH of many pbysicistH, notably Wells and Melloni, i)rove that during calm and 
c.lomlleHH niglitH bodies exposed freely in the open air lose a portion of their heat by radiation, 
the amount radiiite<l varying with the nature of the surface and with the atmospheric permeability. 
That this transfer of heat takes place between the body at the earth's surface and the highest 
regions of the air or the celestial spaces beyond is rendered certain by the fact that the effect is 
obliterated by the inter|K)sition of a cloud. Some experiments in this direction were made on the 
expedition, the disposition of the thermometers employed being altogether similar to that used by 
Melloni.* 

In liis memoir on nocturnal cooling, Melloni, studying the subject with a view of improving on 
the work of Pouillet and Wells, employs three thermometers. His object is to find how much a 
tlMTniometer, nidiating lively toward space, falls below the temperature of the surrounding air. 
The radinting thermometer either has a black bulb or has its ordinary bulb covered with a black- 
ened thimble. The temperature of the surrounding air is to be determined by a thermometer 
whie.h itself radiates ai) little as possible. This second or air thermometer, then, has a metal- 
covered bulb, or hns its bull> inclosed in a bright silver thimble. This silver itself radiates in a 
minute degnH'. To allow for this Melloni takes a third thermometer, also covered with silver, and 
compares the action of the two latter when one is free to radiate toward the sky and the other is 
shiehled. This third thermometer, then, is merely to obtain the correction for the slight radiating 
power of silver, whose eflects we wish to eliminate. 

These ex ]K^ri mentis are absolutely dei>endent for success on the calmness of the night; and 
th<»se undertaken on the ex])edition could so seldom be made under favorable conditions in this 
ivspeet that the results are of but mmlerate value. All the observations made at Ijone Pine by 
Sergeant Dobbins prove, from this or other causes, to be useless; and a series made under cir- 
ca mstanres of great difficulty at the \yeak of Whitney, by Captain Michaelis, who volunteered this 
trying service, are, though interesting, unfortunately prevented by the same cause from giving 
the results which might be expected under such otherwise uniquely favorable circumstances. 
Here, then, only a few of the considerable series of observations will be given. 

DKSCRIPTION OF APPARATUS. 

ThrtH> thermometers, dividetl to O.io C., were provided. The first of these (Green, 4581) had a 
clear bulb, with black thimble for the radiation. The second (Green, 4583) was a clear-bulb ther- 
mometer, with silver thimble for measuring the temperature of the surrounding air. A black-bulb 
thermometer ((ireen, 4582) was also used as a radiation thermometer for comparison with the first, 
but its results were less satisfactory than where the blackened thimble was used, and they are 
lien» omittiHl. Our tables, therefore, give the comparison of thermometers 4581 (radiation) and 
4582 (air tem]H'niture). Kach thermometer was [msseil through a small cylinder of cork near its 
bulb. On this ct>rk was fitted the thimble, in the one case covered with lamp-black, in the other 
of |M>lishtHl silver; and each thermometer was placed horizontallj- about 4 inches from th.^ rock 
sup|H)rt, with its reservoir at the bottom of an iuverte<l, truncated, tin cone, whose upper diameter 
(the a|K^rture directetl to the zenith) was 14 cm., and whose altitude was 9 cm. Each cone bad a 
movable tin i*over. Acconling to Melloni, the action of such a cone is to almost exactly doable 

* S<v llMuoir on Noctomal Cooling, d>c. Anoalee de Chimie et de Physique. FebroAiy, 184r5. 
1^ 
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the effect of the radiation. The thermometer stems were themselves covered with tin cases, 
except at the moment of reading. 

In general, the apparatus was brought out an hour before it was to be used, and after that 
time was alternately covered and exposed for intervals varying from 15 to 70 minutes, the thermom- 
eters being read once. at the end of each interval. On one occasion (September 2, 1S8I) readings 
were taken every three minutes. 

All the observations which have been thought worth preserving follow. In these tables the 
first column gives the date; the second, the time ; the third, the readings of the black-thimble (i. 6., 
radiation) thermometer; the fourth column (Di) gives the absolute fall of this thermometer through 
radiation; the fifth column gives the silver-thimble initial and final readiu;]^^; the sisth column, 
the diflference of the silver-thimble readings {Di). Were the silver an absolute non-rmliator, and 
the lamp-black a perfect radiator, Di— Z>2 would represent the effect of radiation. A correction 
has been introduced for the actual slight radiation from silver. This has been determined by com- 
pa iiig the readings of the silver-thimble covered and uncove ed; and, on its being applied, we 
liiive in column 7 the fall due to the temperature of the air {D^), Consequently, A— ^3 is the 
effect due to radiation alone, always on the hypothesis that the night is absolutely calm, a condition 
that wiis only. approximately obtained even on the nights of August 30 and 31. 

observations on nocturnal radiation, 

Table 130. 

[Station. Motmtaiu Camp. Monnt Whitney, California. Observer, Capt O. E. Michaelis. B.ite, An«;ii8t 2M auil 29. 1881. Weather, 
clear sky, wind WyLhX at 8** 15"* p. m. ; no observations recorded after this hoar. Mean relative hmuidity = 4<t per cent. ; mean 
force of 'vapor= 2.2 mm. The relative humidity and force of vapor are g;iven for the average of the time's of observation. Cor- 
rections fur instrumental errors have been applied. Instrument mounted on box on table. ] 



Date. 



Time. 



I Black ! 
thimble, 
< 4581. 



Di 



Au^st 28 9*00 (?) p. m. 

28 '■ 15- later. 

28 .' 10*08- p.m. 

28 ... i 10 3.3 p. m. 

28 1105 p. ni. 

August 29 i 12 15 a. m. 



2°. 97 
—I .9 



4°. 87 



2 .» 1 




2 .4 


—0 .5 
1 .94 . 


3 .40 


2 .5 

1 .8 


—2 .3 


4 .24 


.4 



Mean nocturnal radiation 



Silver 

thimble, 

4583. 



30.4 
1 .6 



Di 



Ih 



Di — Di Exposure. 



I Covered. 

10. 80 ' 10.49 30.38 Uiicovei^. 

i ' (Covered. 

—0 .10 I —0 .41 3 .81 Uncovered. 

i ' I Covcnnl. 

'1.40 1.09 3.15 Uncoveied. 

! 3 .45 



Table 131. 



[Station, Mountain Camp, Mount Whitney, California. Observer, Capt. O. E. Michaelis. Date, AuKust 29, 1881. Weather, clear 
sky, calm at 8* 15- p. m. ; later, wind light. Mean relative humidity = 67 per cent. ; mean force of vapor =3.3 mm.] 



Date. 



Time. 



Black 

thimble, 

4581. 



Dx 



Silver 

thimble, 

4583. 



Dt 



IH D\ — Di . Exposure 



August 20 9*00" p. m. 

29 1 9 25 p.in. 

29 10 00 p.m. 

29 10 30 p.m. 



Mean nocturnal ra<liation=: 



lo. 3 . 




10.2 


— 1 .93 ; 

2 .7 ! 


8 .23 ! 

1 


1 .5 

2 .8 


—1.9 


4 .60 


1 .4 


1 ... 1 


1 ' , i 



—00.30 
"1.46 



—00. 61 
*i*.09" 



3 .84 
'8*51 



Covered. 
Uucovtired. 
Covered. 
Uncovered. 



3 .68 



Table 132. 

[Station, Mountain (.'amp. Mount Whitney, California. Observer, Capt. O. E. Michaelis. Date, August 30, 1881. Weather, clear 
sky, wind light at 8^ 15™ p. m. ; subsequently " night very still." Mean relative humidity — 38 per cent. ; mean force of vmpor= 
1.8 mm. I 



Date. 



Time. 



Black 

thimble, 

4581. 



Silver i 
Di I thimble, 
4583. I 



Dt 



Dt 



D\ — Dx Kxpo|pre. 



I 



AugnstSO 8*50«p. 

30 9 10 p. 

30 9 30 p. 

30 10 00 p. 

30 10 25 p. 

30 1110 p. 



m. 
m. 
m. 
m. 
m. 
in. 



Mean nocturnal radiation = 



30.8 




40.5 


.6 
3 .3 


40.40 


i 3.4 
3 .3 


—1 .4 

2 .9 

-1 .8 


4 .70 
"4 .76" 


2 .5 
2 .5 
1 (f) . 3* 











10.10 


00.79 


30. 61 


.80 


.49 


4 .21 


1 .20 


.89 


3 .81 




.......... i 


3 .88 









Covered. 
Uncovered. 
Covered. 
Uncovered. 
. Covered. • 
Uncovere«l. 



* Becorded with a mark of interrogation alter the *' 1 " 
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Table 133. 

[SUtioD. Mountain Camp, lloanr Whitney, California. Obaerrer. Capt. O. E. Micbaelia. Date, Aaznnt 31, 1881. Weather, clear 
fiky. naJm at 8* 15* p. m.; aulMtequently " very calm nif^ht." Mean relative humidity =40 per cent. ; mean force of vapor =2.4 
mm. J 



AiiiruHt 31 ... 


Date. 


Time 

7*55" p.m. 

8 25 p.m. 

45 p.m. 
... 15 p.m. 
.. 9 40 p.m. 
. . 10 10 p.m. 
.. 10 40 p.m. 
.. 11 10 p. m. 


Black 

thimble. 

4581. 

4^4 
-0 .5 

3 .7 
-0 .6 

4 .0 
-0 .5 

3 .5 
—0 .4 


"4^90' 
*4*.30* 


SUver 

thimble, 

4583. 

5^. 
4 .1 
4 .1 

3 .8 

4 .2 
3 .7 
3 .53 
3 .5 


*6o.*96" 


Jh 

1 

1 

1 

*"6o.*5© * 


Dx-Dt 
...... ^... 


1 
Exposure. 

1 
1 


Covered. 


31 ... 
31 ... 
31 ; . . 




Uncovered. 
Covered. 


0.30 

'6**56' 

• • • • • ■ • 

.03 


-0 .01 

*6**ii' 

116'.' 28' 


4 .31 
4 .39 
"4*.'i8* 


Uncovered. 


31 ... 
31 ... 
31 ... 
31 ... 

Mean no 


ctumal radiation — . 


Covered. 


4 .50 
"*3*.*90* 


Uncovered. 

Covered. 

Uncovered. 
















4 .30 


1 












. 









Table 134. 

[Station, peak of Mount Whitney. ObMerver, Cnpt O. E. Mirha<>li8. Date, Sept^^mlier 2, 1881. Weather, clear 
dky, "hifch wind." Mean relative humif1ity = 44 p«*r cent.: mean force of vapor — 1.6 mm. Instrument 
mounted betwei'n two rocks and protected from wiuu aa much aa practicable. J 



7*45- 
8 00 
8 03 
06 
00 
12 
8 15 
8 18 
8 21 
8 24 
8 27 
8 30 
8 33 
8 36 
8 39 
8 42 
45 
48 
51 
8 54 
8 57 
00 



8 
8 
8 



P- 

P 

P- 

P- 

P- 

P- 

P- 

P- 

P- 

P- 

P- 

P 

P- 

P- 

P- 

P- 

P- 

P- 

P- 

P 

P- 

P- 



m 
m 
m 
m 
m 
ro 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
ni 
m 



Time. 



Mean nocturnal radiation = 



Black thimble, 4581. 



Silver 

thimble, 

4583. 

• Covered. Uncovere.1. ^^^^^^^y 



-30.0 



-5". 5 



-4 
-4 

-3 
-3 
-3 





6 
5 
4 



"4 .7 

-5 .2" 
-5 .6 
-5 .7 
-6 .H3 
-5 .8 



9 
1 



-4 

-4 
-3 .8 
-3 .7 
-3 .6 





1 




1 


-4 


.9 


-5 


.5 


-5 


.7 


-5 


.9 



-2^ 
-2 
-2 
-2 
-2 
(-2 
(-2 
-3 
-3 
-3 
-3 
-3 
-3 
-3 
-3 
-3 
-3 
-3 
-3 
-3 
-3 
-3 



8 

.9 

.9 

.9 

.9 

.7)* 

.5)* 

.0 

.0 

.1 

.15 

.3 

.2 

.2 

.15 
o 

o 

.2 

.2 

.25 

.25 

.3 



4583-^581. 



Dx 



I>t 



Di— Dt' 



00.2 
2 .6 



20.5 ' 00.1 



2^.4 




1 

7 
5* 



2 
1 



.4* 

1 .7 

2 .2 
2 .5 
2 .55 
2 .53 
2 .6 
1 .7 
.95 
.6 
.5 

.4 

1 .7 

2 .25 
2.. 45 
2 .6 










i 

I 

!!..!!!.!'!! .'.','.'.,.. 

: 1 


|... 

2.4 , 0.2* 2.2 


I ]].'. 


'2 .'3* ; "o.i* "*2.'2* 

1 



2 .27 I 



The num1>er8 in parentheaeH have been refected in favor of the foUowin}? readins, vis: — 3'^.0. 



Table 135. 



(Station, peak of Mount Whitney. Observer. Capt.O. E. Mirhaelis. Date, September 3 and 4, 1881. Weather, clear sky, at 
flmt calm but afterward " alignt north wind." Silver thimble kept conittantlv ahielded from sky radiation. No oorrec- 
tioii ia therefore re4|uired to Jh, which indicatea the change of temperature ofthe air. Consequently Di— I>«=noctamal 
radiation.] 



1 



September 3 
3 
3 
3 
3 
3 
3 
3 

Septsmber 4 



Date. 



Mean nocturnal radiation = 



Time. 



10*00- 
10 15 
10 30 

10 45 

11 00 
11 15 
11 30 

11 45 

12 00 
12 15 



p. m. 
p. m. 
p. m. 
p. m. 
p. m. 
p. m. 
p. m. 
p. m. 
m. 
a.m. 



Black 

thimble, 

4581. 



- 60.9 
-9.6 
-7.1 
-10 .3 
-6.5 
-8.8 
-7.0 

- K .0 
-7.8 
-10 .0 



/>i 



2^.70 


3 


.20 


2 


.30 


1 
2 


.00 

'.a" 



Silver 
thimble, i 
4583. 



6°. 7 

6 .9 
-6 .6 
-6 .6 
-6 .6 
-6 .4 
-6 .9 

7 .1 
7 .6 
7 .9 




Exposure 
(black thimble). 



-0 .20 



.20 



.30 



Covered. 
Unoovwed. 
Covered. 
UnooTered. 
i Covered. 
Uncovered. 
Covered. 
(0 . 80)* • Uncovered. 
Covered. 
Unoorered. 



2 .50 



1 .90 



2 .53 



* BciJected tmsa the mean. 
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Table 136. 



[Station, peak of Mount Whitney. Observer, Capt O. E. Michaelis. D^to, Septdinber 3 anl 6, 18U. WeUher, oleir 

sky, wind variable.] 



Date.' 



September 5 
5 
5 
5 
5 

r> 

5 
5 
5 



7 :i5 

7 47 

8 20 

' 8 27 

I 9 00 

1 9 2B 

' 9 48 

5 1 10 22 

5 11 02 

5 ■ 11 37 

5 ! 12 00 

SeptemberO j 6 00 

6 10 



Time. 



7k22« p. ra. 
7 25 p. ro. 

ni 

m. 

in. 

m. 

m. 

m. 

\n. 

m. 

m. 

m. 

in. 
a. m. 
a. ni. 



P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 



Black thimblo. 4581. 



Silver 
thimble, 
I - - I *583, 

Covered. I'^covered. *^JJ^^/ 



-oo. 35 ! 




1 


—10.3 




—2 .6 


1 


-3 .2 


-1 .0 




1 


-3 .8 


—1.5* 1 


-4.6 




-4 .2 




-4 .7 


-2 .1 

1 


" li'/s" 




-4 .4 


-6.9 ' 






—3 .5 







Di 



Dt Pi-Di 



— 0O.3 

"-'o'.'ih" 

—0 .4 

—0 .8 
— .9 


'20.8.V 


• • • w m • 

00.1 


w • • • • • 

■ s • - • • 

20.75 

- • • • B • • 


-1 .3 
—1 .2 


3 .6 


'o.'s* 


3 .1 


-1 .3 
—1 .5 
-1 .8 
—1 .7 
—1 .5 
—0 .7 


2 .7" 

3 .2 

• ■ • ■ • • 

2 .7 
2 .3 


....... 

0.3 

6 .i 
—0 .3 


2 .6 
2 .0 

■ • • • > • • 

2 .8 
2 .8 


—0 .8 


2 .6 


0.1 


2 .5 



Mean noctamal radiation = ...; ! , i 2 .71 



RESULTS. 

The mean of four determinations made on the calmest night. August 31, ofive« us here as the 
nocturnal radiation from lamp-black 4^.30 C. (in a dry air and at an altitude of nearly 12,000 feet) ; 
and there is reason to believe that with absolute calm the result would have been greater. Mel- 
loni's result, obtained by the same means October 9, 1846, in the clear air of Southern Italy, on a 
very calm night, was 3o.58 0. 

Pouillet's values (see Comptes Rendus, July 9, 1838) are nearly double this, though obtaiued 
at Paris, near the sea-level. They are probably exaggerated by the defects of his actinometer, and 
through his apparent habit of placing his radiation thermometer near the earth and his air ther- 
mometer at some distance above it, a practice which usually insures too high readings for the latter, 
as Mellon! has shown. 

Ponillet uses his results on nocturnal radiation indirectly in obtaining his celebrated value 
(— 1420 C.) for the "temperature of space." 

All the present writer's observations point to the conclusion that this " temperature of space'' 
is little above that of the absolute zero, or, in other words, that all the heat the earth receives from 
all external sources, excepting the sun, but including that radiated from the stars, the dark heat 
from invisible bodies in space, the heat communicated dynamically by the contact of meteorites, 
&c., are collectively negligible, or nearly so. The ground for this conclusion cannot be given here,* 
but an extension of these experiments on nocturnal ladiation would furnish a method of testing 
them, did we know the permeability of the different strata of our atmosphere to heat rays of low 
refrangibility. We should in this case need to place the bulb of our radiation thermometer in a 
suitable inclosure, so that it could radiate to only a limited portion of the sky at once, and then 
inclining it to successive portions from the zenith to the horizon, and noting itj» indications, we 
should obtain data for determining the amount of heat radiated earthwani by this atmosphere 
alone, for the heat coming from the celestial spaces (if any) must be nearly constant at every 
inclination, while that from the atmosphere must ordinarily increase as we approach the horizon. 
If, then, we know the law of this increase, we can determine whether a constant term is to be added 
(to the expression for atmospheric radiation) for the ** temperature of space,'* and if so, its amount. 
The actual experiment, it need hardly be said, would be a delicate one, but it does not seem beyond 
the reach of effort. An attempt to realize it was actually made on Mount Whitney, but was 
defeated by the presence of wind and the imperfection of the apparatus. 



• See, however, the foot-note ou p. 122. 



CHAPTER XVII. 



"HOT BOX" AND SOLAE-RADIATION THKKMOMKTERS. 

A hastily <leviBe(1 untl coiiHtnieteil appanitus was takuii wjtii the oxiteditioii to observe the 
temperature which could be attained by tlie unconceiitrated solar rays on the mouutaiii. 

A nest of shallow boxes, alternately of wood and of blackened copjier, separated by air spaces 
or by loose cotton packing, and covei-ed by sheets of common American window-glass, formed a 
sort of "hot Iwx" {shown in section in Fig. 14). Within the inner vessel of thin spun copper, 4 
cm. deep and 16J cm. in diameter, was placed the bulb of a thennometer for registeriDg the air 
temperature of the iuclosure. This cojjper vessel had a glass mver, and was placeil in a wooden 
vessel, which in tuni rested on the bottom of the larger copper one, 8 cm. deep and 32 cm. in 
diameter, itself covere<l by a layer of glass and protectwl as much as possible from loss of heat by 
an outer envelojw of wood, with loose cotton packing. The whole Wiis inclined so j*s to receive the 
sun's rays normally to its glass face. 

At the Mountain Camp the result of the best trial was on the '.»th of September, 1881, when 
at 1" W p. m. a temperature of ll^til*^ C. wivs attained, the shade tempt^rature at the time being 
14<^.8, and the excess in the inner compartment of hot box 1)8°. 5 C. 

The following table gives the details of the observation on the mountain: 




Fiff.M. 



O- 



iL 






_U 



)' 



Y^,. 






SactloD of Hot Box. 



HOT BOX. 



167 



Table 137. 

[Station, Monntaln Camp. Observer, O. E. M. ^Date, September 9, 1881. Thermometer corrected for 

inatramental errors.] 

"HOT BOX." 



Time. 



Sun tbcr- 
luometer. 



Shade ther- 
mometer. 



Siin ther- 
mometer. 



^m'lfmeter ' »'»«""'-*• , KemTk.. ' 



11* so- 
il 35 
n 40 

11 45 
11 50 

11 55 

12 00 
12 05 
12 10 
12 15 
12 20 
12 25 
12 30 
12 35 
12 40 
12 45 
12 50 
12 55 

1 00 
1 05 



a.m. 
a. m. 
a. ro. 
a. m. 
a m. 
a. m. 
m. 

p.m. 
p. m. 
p.m. 
p. m. 



10 
15 
20 
25 
30 
35 
40 
45 
50 



P- 

P- 

P- 

P- 

P- 

p. 

P 

P 

P- 

P- 
p. 
P- 
P- 
P- 
P 
P- 
P 
P- 



m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 

m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 
m. 



oJViAr. 
191.2 
196.2 
201.3 
206.1 
210.0 
213. 9 
216.7 
219.0 
221.0 
222.7 
224. 9 
226.4 
228.1 
229.2 
230.2 
231.2 
232.1 
232.8 
233.3 
229.2 

232.3 
233.3 
2:t4.5 
235. 2 
235.7 
236.0 
236.0 
235.2 
233 8 



oFoAr. 



60.4 
60.4 
60 7 
61.9 
60.2 
60.0 
59.7 
59.7 



^Cent 

88.44 

91.22 

94.06 

96.72 

98.88 

101. 05 

102.01 

103.89 

105. 00 

105.94 

107. 17 

108.00 

108.94 

109.55 



^Cent. 



°CenL 



60.7 


110. 11 


62.7 


110.67 


62.2 


111.17 


61.1 


111.55 


59.8 


111.83 


60.0 


109.55 


59.9 


111.28 


1 61.0 


lll.a3 


' 60 7 


112. 50 


1 


112.89 




113. 17 


1 60.8 


113.33 


58.7 


113.33 


i 58.0 


112.89 


67.9 


112.11 



15.78 
15.78 
15.94 
16.61 
15.67 
15.56 
15.39 
15.39 
15.94 
17.06 



86.81 
88.11 
89.06 
89.33 
91.40 
92.44 
93. 55 
94.16 
94.17 
93.61 



ia78 

16.17 


94.39 
95.38 


15.44 


96.39 


15.56 


93 99 


15.56 


95.78 


16.11 


95.72 


15.94 


96.56 


1 


16.66 


07.33 


U.83 


98.50 


14.44 


98.45 


14.39 


97.72 



Out of ad- 
juntment 



SOLAR-RADIATION THERMOMETERS. 

There was provided a pair of " conjugate tliernjometers," i. e.^ one having a blackened bulb, the 
other a bright one, each in vacuo, not connected, but always placed together and read together. 
The following observations were made at Lone Pine: 

Table 138. 

[Solar ("conjugate") themiomoters. August and September, 1881. Station, Loue Pine. Observer, A. C. D.] 



Date. 



Time. 



Fahrenheit. 



Bright bulb. I Black bulb. Diffen'nce. i Bright bulb. 



Aug. 8 


7«« 00- a. m. 


102O.7 


8 


8 


00 


a. m. 


102 


.6 


8 


12 


00 


m. 


126 


.4 


9 


8 


00 


a. ro. 


108 


.6 


9 


12 


00 


m. 


106 


.5 


9 


5 


00 


p. m. 


90 


.3 


10 


7 


00 


a. m. 


89 


.0 


10 


8 


00 


a. m. 


105 


.5 


10 


12 


00 


m. 


124 


.4 


10 


4 


00 


p. m. 


113 


.8 


10 


5 


00 


p. m. 


109 


.1 


11 


7 


30 


a.m. 


95 


.1 


11 


8 


00 


a. ro. 


102 


.8 


11 


12 


00 


m. 


120 


.0 


11 


4 


00 


p.m. 


116 


.3 


11 


5 


00 


p.iy. 
a. m. 


109 


.0 


12 


8 


15 


104 


.0 


12 


12 


00 


m. 


122 


.5 


12 


5 


00 


p. m. 


92 


.0 


13 


7 


00 


a. m. 


86 


.4. 


13 


8 


00 


a. ro. 


99 


.2 


13 


12 


00 


m. 


119 


.5 1 


14 


7 


00 


a. m. 


83 


.6 


14 


8 


00 


a. m. 


99 


.5 


14 


12 


00 


ro. 


119 


.5 


14 


4 


00 


p. ro. 


103 


.0 


14 


5 


00 


p. m. 


102 


.0 


15 


7 


10 


a. m. 


87 


.0 


15 


5 


05 


p.m. 


94 


.8 


16 


6 


55 


a. m. 


79 


.0 


16 


5 


05 


p. ro. 


99 


.7 


17 


6 


55 


a. m. 


84 


.0 


17 


5 


05 


p. m. 


86 


.1 


18 


6 


55 


a. ro. 


72 


.5 


18 


5 


04 


p. m. 


89 


.2 


19 


6 


55 


a.m. 


77 


.0 


19 


5 


05 


p. m. 


89 


.7 


20 


6 


55 


a.m. 


78 


.7 


[20 


5 


05 


p. m. 


94 


.2 



5 

3 

5 
3 



119°. 5 
134 .5 
175 .7 
137 . 2 
158 .0 
94 .5 
117 .5 
141 .0 
,164 .7 
136 .5 
139 
129 
138 
163 
153 
128 
144 .4 
170 .0 

111 .0 
119 .4 
143 .5 
163 .7 

115 .0 
131 .1 
156 .2 
123 .0 
110 .0 

116 .1 

107 .5 

112 .5 
121 .0 
114 .0 
102 .0 

108 .5 
104 .0 

109 .0 
96 .0 

109 .2 

110 .0 



160.8 
31 .9 
49 .3 
28 .6 
51 
4 

28 
35 



6 
2 
5 
5 



40 .3 
22 .7 
30 .4 
33 .9 
35 .5 



43 
37 
19 
40 
47 
19 




2 
3 
4 
5 




33 .0 
44 .3 
44 .2 
31 .4 
31 .6 
36 .7 
20 .0 
8 .0 



29 
12 
33 




7 
5 



21 .3 
30 .0 
15 .9 
36 .0 

14 .8 
S2 .0 

6 .3 
35 .5 

15 .8 



390. 28 

39 .22 
52 .44 
42 .56 

41 .39 

32 .39 
31 .67 

40 .83 
51 .33 

45 .44 

42 .83 
35 .06 

39 .33 
48 .89 

46 .83 
42 .78 

40 .00 
50 .28 

33 .33 
30 .22 
37 .33 
48 .61 
28 .67 

37 .50 
48 .61 
39 .44 

38 .89 
30 .56 

34 .89 
26 .11 
37 .61 
28 .89 

30 .06 

22 .50 

31 .78 
25 .00 

32 .06 

23 .17 
34 .56 



Centigrade. 



Black bulb. Difference. 



48°. 61 
56 .95 
79 .83 
58 .44 
70 .00 
84 .72 

47 .50 

60 .56 
73 .72 

58 .06 

59 .72 
53 .89 
59 .06 

72 .78 
67 .50 
53 .50 
62 .44 
76 .67 
43 .88 

48 .56 

61 .05 

73 .17 
46 .11 
55 .06 
69 .00 
50 .56 

43 .33 
46 .67 

41 .94 

44 .72 

49 .44 

45 .56 
35 .89 

42 .50 
40 .00 
42 .78 
35 .56 

42 .89 

43 .33 



90.33 

17 .73 

27 .39 
15 .88 

28 .61 

2 .33 

15 .83 
IB .73 

22 .39 
12 .62 

16 .89 

18 .83 

19 .73 

23 .89 

20 .67 
10.72 
22 .44 
26 .39 

10 .56 
18 .34 

24 .62 
24 .56 

17 .44 

17 .56 
20 .39 

11 .12 
4 .44 

16 .11 

7 .05 

18 .61 
11 .83 

16 .67 

8 .83 
20 .00 

8 .22 

17 .78 

3 .50 

19 .72 
8 .77 
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Table 138 — Continued. 









Fahrenheit. 






Centigrade. 




Date. 


Time. 
6 55 a.m. 
















Bright bulb. 


1 

! BUck bulb. 

1 
109 .5 


Difference. 
32 .0 


Bright bulb. 
25 .28 


1 

Black bnlb. 


Difference. 


Aug. 21 


77 .5 


1 

43 .06 


17 .78 


21 


12 05 p. in. 


121 .3 


168 .5 


47 .2 


49 .61 


75 .84 


26.23 


21 


5 05 p. ni. 


94 .5 


105 .6 


11 .1 


34 .72 


40 .89 


6 .17 


22 


8 05 a. m. 


101 .0 


145 .5 


44 . 5 


38 .33 


63 .06 


24 .73 


22 


12 00 m. 


118 .6 


165 . 5 


46 .9 


48 .11 


74 .17 


26 .06 


22 


5 05 p.m. 


97 .8 


113 .0 


15 .2 


36 .56 


1 45 .00 


8 .44 


23 


6 55 a. m. 


79 .5 


111 .6 


32 .0 


26 .39 


44 . 17 


17 .78 


23 


12 00 m. 


117 .2 


163 .5 


46 . 3 


47 .33 


73 .06 


25 .73 


23 


5 05 p.m. 


91 .7 


104 .0 


12 .3 


33 . 17 


40 .00 


6 .83 


24 


7 00 a. m. 


83 .5 


120 . 


36 .5 


28 .01 


48 .89 


20 .28 


24 


12 00 in. 


115 .7 


161 .8 


46 .1 


46 .50 


72 . 11 


25.61 


24 : 


5 05 p. m. 


93 .0 


105 .0 


12 .0 


33 .89 


40 .56 


6 .67 


25 


6 58 a. m. 


73 .0 


108 .0 


35 .0 


22 . 78 


42 .22 


19.44 


25 


12 00 m. 


112 .5 


158 . 8 


46 .3 


44 .72 


70 .44 


25 .72 


26 1 


6 05 p.m. 


90 .7 


101 .1 


10 .4 


32 .01 


38 .39 1 


5 .78 


*26 


6 55 a. m. 


74 .4 


107 . 9 


33 .5 


23 . 56 


42 . 17 


18 .61 


27 


12 00 m. 


110 .3 


IR6 . 5 


46 .2 


43 .50 


69 .17 1 


25 .67 


27 1 


5 06 p.m. 


80 .0 


91 .0 


11 .0 


26 .67 


32 . 78 ! 


6 .11 


28 


6 55 a.m. 


69 .2 


101 .3 


32 .1 


20 .67 


38 .50 


17 .83 


28 


12 00 HL 


113 .2 


158 .3 


45 .1 


45 .11 


70 .17 


26.06 


29 


6 55 a. m. ' 


71 .2 


103 . 5 


32 . 3 i 


21 .78 


39 .72 


17 .94 


29 


12 00 m. 


112.0 


IHQ .3 


44 .8 


44 .44 


69 .06 , 


24 .62 


29 


5 05(»)p.m.; 


86 .6 


112 .8 


2« .2 1 


30 .33 


44 .89 


14 .56 


30 


6 65 a. m. ! 


73 .3 


102 . 3 


29 .0 


22 . 94 


39 .06 


16 . 12 


30 


12 00 m. 


109 .8 


153 .8 


44 .0 i 


43 .22 


67 .66 


24 .44 


30 


6 05 p.m. 


82 .1 


90 .0 


7 .9 


27 .83 


32 .22 


4 .39 


31 


6 55 a. m. 


65 .1 


98 .0 


3:{ .5 


18 . 39 


37 .00 


18 .61 


31 


12 00 m. 


109 .8 


155 .0 


45 .2 


43 . 22 


68 .33 


25 .11 


31 


6 05 p.m. 


93 .5 


109 .6 


16 .1 


34 . 17 


43 .11 


8 .94 


Sept, 1 


12 00 m. 


113 .3 


l.'>9 . 1 


45 . 8 


45 .17 


70 .62 


25 .46 


1 


5 05(r)pm. 


92 .7 


111 .7 ' 


19 .0 


33 .72 


44 . 28 


10 .56 


2 


6 55 A. m. 


71 .3 


102 .3 


31 .0 


21 .83 


39 .06 


17 .23 


•> 


12 00 m. 


114 .6 


156 .3 


41 .7 


45 . 89 


69 .06 


23 .17 


•> 

fa 

4 


5 05 p.m. 


93 .8 


112 .3 


18 .6 


34 .33 


44 .61 


10 .28 


6 65 a.m. 


80 .0 


108 .0 


28 .6 


26 .67 


42 .22 


15.65 


4 


12 00 m. 


112 .3 


151 .2 


38 .0 


44 .61 


66 .22 


21 .61 


5 


6 55 a. m. 


79 .0 


109 .0 


30 . 


26 .11 


42 .78 


16 .67 


6 


12 00 m. 


122 .0 


159 .1 


37 .1 


50 .00 


70 . 62 


20 .62 


5 


5 05 p.m. 


97 .4 


119 .6 


22 . 1 


36 .33 


48 .61 


12 .28 






1 


.. 












* ObHerrations suf^pended on account of gale. t On aircoant of gale noon and afternoon readings were omitted. 

Table 139. 

Summary of ohservathns tihowing difftrencen of readings of bright and black bitlbs in racito at Lone Pine, 

[In.dcgreeii Centigrade.] 



Date. 

1 [ 

Aug. 8 
9 


7 a.m. 

90.33 

'if)*.' 83' 
18 .83 


8 a.m. 

170.73 
15 .88 
19 .73 
19 . 73 
22 .44 
24 .62 
17 .56 


12 m. 

1 

270.39 
28 .61 

22 . 39 

23 .89 
26 .39 

24 .56 
20 .39 


4 p.m. 


5 p. m. 




20.33 


10 
11 
12 . 


120. 62 
20 .07 


16 .89 
10 .72 
10 .56 


13 


18 .34 

17 .44 
16 .11 

18 .61 

16 .67 
20 .00 

17 .78 

19 .72 
17 .78 
24 .73 

17 .78 

20 .28 
19 .44 

18 .61 

"u'.fQ" 

17 .94 
16 .12 

18 .61 

*i7'.'23' 

15 . .V> 

16 .67 






14 

15 1 


11 .12 


4 .44 

7 .06 


16 










11 .83 


17 










8 .83 


18 










8 .22 


19 










3 .50 


20 











8 .77 


21 ! 




• • • 


26 .23 
26 .06 
25 . 73 , 

25 .61 

26 .72 




6 .17 


i 22 








8 .44 


23 








6 .83 


24 








6 .67 


25 








6 .78 


26 










27 






25 .67 
25 .06 
24 .62 

24 .44 

25 .11 
25 . 45 
2:j . 17 . 
21 .61 : 
20 .62 




6 .11 


28 






29 








14 .56 


.30 








4 .39 


31 








8 .94 


S«'pt. 1 . 
•> 








10 .56 




10 .28 


4 










5 









12 .28 










Mean = 


17 .80 


19 


.67 


24 .70 


14 .80 


8 .44 



From a comparison of fourteen ohnervations of the solar-radiation thermometers at noon with 
corresiMmding readings of the shade temperature, it ap{)ear8 that on the average the bright bnlb 
registered lGo.83 C. and the black bulb 41o.50 C. above the shade thermometer. 

It will be noticed that the radiation is always greater (for the same altitude of the sun) in the 
morning than in the afternoon, a fact deducibl^ also from the actinometer curves (see Fig. 11, p. 119), 
which, however, present it in a less salient manner. 



C H A P 1^ E R XVIII. 



IIYGROMETKIC OBSERVATIONS. 

In any investigation of atmospheric absorption of radiation, the great importance of water as 
an absorbing agent is evident. In spite of numerous controversies as to its mode of action at 
different temperatures and in different physical states, there is no doubt that water in some form 
has much to do with the variations in atmospheric permeability to radiation. 

Accordingly a large number of observations with the psychrometer and other hygrometrical 
instruments were made on the expedition, which are now to be reduced. It is believed that the 
long-continued tri-hourly observations at Lone Pine furnish a valuable record of the peculiarities 
of a desert climate. It was intended to make similar ones on the mountain, but the excessive 
fatigue and difficulty attendant on the lattero bservations, made it inii)ossible for the overworked 
observers on the mountain to accomplish their shaie. 

INSTllUMENTS USED FOU IIYGKOMETRICAL OBSERVATIONS AND CONDITION OF ENVIRONMENT. 

At Lone Pine (elevation 3,700 feet) the psychrometer, in charge of Sergeant Dobbins, United 
States Signal Service, was in one of the galvani/.ed iron frames provided by the Signal Service. 
It consisted of dry bulb thermometers. S. 1037; wet-bnlb thermometer S. S. 1045, covered with 
thick wicking instead of the ordinary standard thin muslin. (?)* 

At the lower camp on Mount Whitney (altitude 11,000 feet) the psychrometer, in charge of 
Sergeant Nanry, United States Signal Service, was hung in an extemporized chamber, formed or 
a box with lattice-work opening, looking towards the north, and as well shielded from air currents 

as could be obtained. It consisted of dry-bulb thermometer S. S. ; wet-bulb thermometer 

S. S , covered with thick wicking.(?)* 

On the mountain it was impossible to obtain any deposit of dew with Regnault's, hygrometer 
or dew point apparatus in its ordinary treatment, and therefore no observations will be found 
recorded by Sergeant Nanry, who was in charge at the upi>er station. Subseciuently, however, 
results were obtained on one day (September 9), by Captain Michaelis, by the use of a frigorific 
mixture. These observations are given and discussed further on. 

The Regnault dew-point readings obtained by Sergeant Dobbins at Lone Pine were taken in 
the ordinary way, by blowing air through the ether in the ^' dew-point" rta.sk. These observations 
are given and discussed on pages 171 and 172. 

REDUCTION OF PSYCHROMETER OBSERVATIONS. 

The Fahrenheit thermometer readings are from the original records kept by Sergeants Dobbins 
and Nanry. The reiulings of the dry bulb, f, and of the wet bulb, /', and their ditt'erenee, t—t^ are 
reduced to the centigrade scale by Table A iv, '' Smithsonian Meteorological and Physical Tables.^ 

With these numbers expressing the values of t' and i — V in Centigrade degrees used as 
arguments, the value of x, the force of vapor, exiu-esse<l in millinu^.t(»rs of pressure of mercury, is 
obtained from the table B ii. This table is calculated by Itegnault's formula for the psychrometer, 

, 0.480 
^=/-610-<'(*-^)^ 



•Tbero is some doubt about tbe nature of tbe covering uucd. Tbe ijueMtion Ih fully «liHc-u»»ed in Appen«lix I. 

1G9 
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KKSEARCIIES OX SOLAK HEAT. 



in which h reprefl^ntM the height of the barometer, aAAumed eqaal to 755 mm.^ andy the force of 
aqueonii vafKir in Hatarate<l air at a temperature e^iaal to t\ (See Smithsonian Tables, B, page 12.) 
At the end of the tabh; i^ a shorter one giving the *- correction for the barometrical heighL^ 



('=16^rjO 



EXAMPLE. 



t-^t = 8^.39 



Bar. = 660 mm. 



In the table we find for t' = HP and t—t' = 8^.2, 

Force of va|>or = 8..">3 mm. 

Force of vapor = 8.41 mm. 

Whence, by intenx^lation, for t — V = 8.30, 

Force of vapor = 8.42 mm. 

Correction for extra U".."50 in value of V = +0.45 mm. 
Correction for barometer (66C mm.) = +0.60 mm. 
Concluded force of vai>or = 9.47 mm. 

The fluctuatiouH of the barometer IxMng very slight, and the deviations in the barometer cor- 
rection pro<luce<l by neglecting them cau.sing at the most only a change of a few hundredths of a 
millimeter in the resulting force of vaiK)r, the following table was compiled from the Smithsonian 
table, by inteqiolation and extension, for a mean barometer of 66<J mm., the height at Lone Pine, 
in order to expedite the calculation. 

Table 140. 

[Correction for rt^laction to mean l>aroni*-t«;r, 600**. for each tenth of 
a <li'};re«' in the valu** of (f-C) from l-.U to IT-.d.] 



t-t 











' ~ 







— ^^— *■ 


- _— 


" 






O'-.O 


OM 


0>.2 


0^3 


0-'.4 


0^.5 


0\6 


(^.7 


0^.8 


0^9 




mm. 


mm. 


mm. 


mm. 


mm. 


mm. 


mm. 


in IN. 


mm. 


mm. 


V' 


.08 


.09 


.09 


.1(1 


.11 


.12 


.12 


. 13 


.14 


.14 


2 


.L't 


.16 


.17 


.17 


.18 


.19 


.20 


.21 


.21 


.22 


3 


.23 


.24 


.24 


. 25 


.26 


.27 


.27 


.28 


.29 


.29 


4 


.30 


.31 


.:c 


.32 


.33 , 


.34 


.35 


.36 


.36 


.37 


5 


.38 


.:{9 


.40 


.40 


.41 


.42 


.43 


.44 


.44 


.45 


6 


.46 


.47 


.47 


.48 


.49 


.50 


.50 


.51 


.52 


.52 


7 


.53 


..S4 


.55 


.55 


.HQ 


.57 


.58 


.59 


.59 


.60 


8 


.61 


.62 


.62 


.63 


.Ct 


.65 


.65 


.66 


.67 


.67 


9 


.6c) 


.60 


.70 


.70 


.71 


.72 


.73 


.74 


.74 


.75 


10 


.76 


.77 


.78 


.78 


.79 


.80 


.81 


.82 


.t2 


.83 


11 


.84 


.85 


.85 


.8*1 


.87 


.88 


.xs 


.89 


.90 


.90 


12 


.01 


.92 


.93 


.93 


.94 


.95 


.96 


.97 


.97 


.98 


13 


.90 


1.00 


l.UO 


1.01 


1.02 


1.03 


1.03 


l.(»4 


1.05 


1.05 


14 


LOO 


1.07 


1.08 


'1.08 


l.UO 


1.10 


1.11 


1.12 


1.12 


1.13 


15 


1.14 


1.15 


1.16 


1.16 


1.17 


1.18 


1.19 , 


1.20 


1.20 


1.21 


16 


1.22 


1.2:{ 


1.23 


1.24 


1.25 


1.26 


1.26 - 


1.27 


1.28 


1.28 


17 


1.29 


1.30 

i 


1.31 


1.31 


1.32 j 


1.33 


1.34 


1.35 


1.35 


1.36 



For the reduction of observations at the Mountain Camp, a mean barometric pressure of 
500 mm. was ailopted, and the following corrections were deduced: 

Table 141. 



Correction for a differenco of 1 dm. 
(Correction for a Uiffnreuce of | dm. 
(Correction for 650 mm 



Correction for 500 mm . 





2o 

mm. 
.10 
.08 
.17 . 


30 

mm. 
.24 
.12 
.25 


40 

mm. 
.32 
.10 
.34 


50 

in in. 
.40 
.20 

.42 1 


t-tf 

(P 

mm. 
.48 
.24 
.50 




SP 






110 


l-^ 


70 , 

i 

mm. j 
. 56 
.28 
.59 , 


90 

mm. 
.72 
.36 
.76 


10^ 


in in. 

.08 
.04 
.08 


mm. 
.64 
.32 
.67 


.80 
.40 
.84 


IMfM. 

.88 
.44 
.92 


.20 

1 


.41 


.61 


.82 


1.02 , 

1 


1. 22 


1.43 

i 


1.63 


1.81 


2.04 


2.M 



BifTerence for 0*^.1=0.02 mm. 
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When the temperature of the wet bulb is below the freezing point, Beguault'8 formula becomes 

'=/-C89-','('-'')» 

with which the foUowiug barometer corrections have been used, calculated for the lower camp, 
Mount Whitney: 



TnctloDforOSOmiu 

Correctioaror SOOmni... 



18 .M) .M . .71 , 



Un account of the dryness of the air a considerable number of the observations fall outside 
the limit of the Smithsonian tables, which have not been calculated for so low a relative humidity, 
and which in conse«]uence are probably less reliable in these parts, being founded on instrumental 
readings taken under different conditions. The values that have beeu deduced by extending the 
tables are distinguished in the following pages by an asterisk. 

{For a discussion of the methoil employed in the reduction of the psychrouieter observations 
see Appendix So. I.) 

Table 143. 

Direct eomparixon o/ rtftilu bg tkt pagvhroiaeltr nnd iy Reguuiill hggroiKtUr or dew-poM apparatu*. 
[SI«U™,Loa8Pino. OliMTver. A.C.U.) 



D>1«. 


LacilUme. 





>0>1!C..>D. 








































8 15 pm. 


H«u<.... 






1 1 

1 D«w-poiLr. J 1 


,.„..,..„ 


RdntivB 
faoniidity. 


1 
1 

I "Cent. 


|l i 1 ' 

« 1 Q 1 


Wlnd.BDd oliHlflc*. 




1 
pfrct 


IT 

38," • 

M.B 

Zt'.B 
Ul 

n.1 


IS 81 
. 4.«3 


0.50 ' 
3.W 


V3.12 Uloiirty. 
■5, W 1 ClMr. 
1. M CIabt. 

IS Ni™ 

■7.03 ClMr. 
5. SO 1 Clrar. 


"■b*;:;:::::::::' 

Gi-ntle. 4 

Frrab.B . 


11 00 


8. 87 1 U. 1 

11. TO ss.a 
an 48.S 

6:84 ;m,*i 

7.48 47.8 
&U 30.1 


1 'smI 7m J 


Prehh, B 


ll.It 

1.28 


i»|^ 


\-3. 18 ri«r. 


Calm.A 




■ 1 






11. M 




n.1 


1 











The above observations were made during a short period of comparatively moist weather. 
Subsequently, however, the air became so excessively dry tliat the difficulties in the use of the 
Kegnault hygromfter beciime almost insHperable with the limited resources at command. 

The next table (144) repeats the previous results, classified according to the velocity of 
the wind. 
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Table 144. 



CLASS A— GENTLE BREEZE OR CALM. 



Force of vapor. 



Relative hiimidity. 



Dew-point. 



Psychro.„..er. ^^^tr. ] ••»5cl.r..n.eter. \ .^f^^^t. , P'>ychr»„,et.r. , ..f^^Zt. ' D"^"""-- 



- 


~ ~ ~ - 


_ 


- — — 


— — -- — 


— — — — 


— 


1 
T/i.tn. 


in. in. 


Per cent. 


Per cent. ■\ 


°a ; 


oc. 


oc. 


16. 18 1 


9. 72 


54.7 


32. 9 


18 83 ' 


10.89 


+7.94 


16. 65 


11.70 


55.0 


38.6 ' 


19. 30 1 


13.72 


+ 5.58 


11.61 


7.08 


44.0 


26.8 1 


13. 61 1 


6.17 


+7.44 


12.20 ; 


7. aa 


44.4 


26. 9 , 


14. 37 , 


6.44 


+7.93 


13.00 ' 


7.49 


47.8 


27.6 


15 36 • 


7.00 


+8.36 


9.98 ! 


8.08 


41. 


33. 2 


11.29 ' 


8.11 


+ 3.18 


Meaii«.J3. 27 , 


8.58 


47.8 

t 


31.0 


15. 45 1 


a 72 


+6.74 



CLASS B— FRESH BREEZE. 



10.89 
10.08 

6. 52 
12. 10 

5.04 



Means. -.8. 93 



8.87 
8.87 
.'>. 84 
R23 
5.51 



7.46 



63.1 
46.9 
24.1 
60.7 
20.3 



51. 4 
41.2 
21.5 
41.3 
*>'2 *> 



43.0 



35.5 



1 

12. 62 i 
11.44 

4.93 
14. 25 1 

1.28 1 


9.50 
9.50 
3.39 
8.39 
2.96 


+3.12 
+ L94 
+ 1.54 
+5.86 
-L28 


8.90 1 

1 


6.67 


+2.24 



As far as they ^o, those observations show a marked tendency toward a diminution of the 

difference between the indications of the two instruments as tlie wind increases. 

< 

Table 145. 



Comparison of psychrometer and llegnanU hygrometer. — Record of the results by the psychrometer. 
[Station, Mountain Camp. Observer, O. E. M. Date, September 9, 1881.] 



e 
So 



0»« 51" 30* 

I 56 30 

1 06 30 

1 11 3U 

! 1 16 30 

I 1 21 30 

I 1 26 30 

. 1 31 30 

I 1 3(( 30 

i 1 41 



1 

I 1 



30 
46 30 
51 30 



Drv 



67". 5 
G6 .8 
69 .0 

64 .5 

65 .1 
64 .0 

64 .8 

65 . 
62 .0 

64 .0 
67 .8 

65 .6 



Fahrenljcit. 



Wet. 



.500. 5 
49 .1 
51 .8 
46 .5 
46 .7 
46 .0 

46 .8 

47 .0 
44 .0 



45 
49 
47 



8 
8 
5 



Difference. 



170.0 
17 .7 

17 .2 

18 .0 
18 .4 
18 .0 
18 .0 
18 .0 
18 .C 
18 .2 
18 .0 
18 .1 



Reduced to Centigrade. 



Dry. 



190. 72 

19 .33 

20 .56 
18 .06 
18 .39 

17 .78 

18 .22 

15 . 33 

16 .67 

17 .78 

19 .89 

18 .67 



Wet 



100.28 
9 .50 

11 .00 
8 .06 
8 .17 

7 .78 

8 .22 

8 .33 

6 .07 

7 .67 

9 .89 

8 .61 



Difference. 



90.44 
9 .83 
9 .56 
10 .00 
10 . 22 
10 .00 
10 .00 
10 .00 
10 .00 
10 .11 
10 .00 
10 .06 



Mean 



18 .62 



By Smithsonian tables 


(Rejpiault). 


Force of 


Dew- 


vapor. 


point. 


mm. 


C. 


5.41 


+2.28 


4.84 


+0.71 


6.01 


+ 3.77 


4.08 


-1.60 


4.03 


-1.78 


3.91 


-2.15 


4.17 


-1.30 


4.24 


-1.09 


3.38 


-4.03 


3.80 


-2.52 


5.12 


+ 1.50 


4.38 


-0.48 


4.45 


-0.55 



By the tables for tension of aqneous vapor, the dew-point, corresponding to a mean force of 
vapor of 4.45 mm., is— (P.45 whicli is adopted as the dew-point given by the psychrometer. 

On the same day readings of the Kegnault hygrometer were obtained by Captain Michaelis 
with the following result: 

'•Tried Regnault hygrometer. No success with ether. Made frigorific mixture of snow and 
salt. Obtained temperature of LP and lo^ F., but no deposition of moisture. By using the 
hygrometer (Signal) thimble a temperature of 7^ was obtained with ice and salt, and the dew-point 
was reached with the following rea<ling: 

K4»gnault thermometers — dry, (U^ Fain-., wet, 7° Fahr. (shade); in the sun, copious dew at 7^, 
dry, (52^; at 12^, moisture began slowly to evaporate; at 13^, rai)idly — dry-bulb, 010.5." 
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The result of the comparison is therefore 

Dew-point by liegiiault hygrometer —1^ to 12^ F. 

Mean dew-point by Eegnault hygrometer. . =—12o.5 C 

Mean dew-point by psychrometer =—0.45 C. 

Psychrometer— Kegnault hygrometer =-fl2o.05 C. 

This agrees with the previous measures, obtained at Lone Pine during light or gentle wind, in 
indicating that the psychrometer gave dew-points somewhat too high. 

On several other occasions attempts were made to reach the dew-point, but always without 
success. 

Tabular statements now follow of the original observations with the psychrometer (expressed 
both in the Fahrenheit and Centigrade scales), together with the results of their reduction. 

Table 14G. 



lA. 



Reduction of wet and dty bulb thermometer readings. 
C. D., Observer. Station, Lone Pino. Latitude, 36^ SC. Longitude. II80 03' 47". Elevation, 3,760 feet.] 









Corrected Fahren 


1 
heit. Reduced to Centigrade. 


By Smithsonian tables. 




Dato. 

- —r» 

1881. 
Aug. 5 


Local 


1 • 

time, 
a. m. 


Dry X. 8. 
No*. 1037. 


Wet 8. K. 
No. 1045 

61^ 7 


Differ-' jy ' «, . 1 Differ- 
ence. "^^' , ^^^- i ence. 

1 

I 

! 

: ■ J 1 ; 

15°. 1 24=>. 89 16-. 50 80. 39 


Force of 
vapor. 

mm. 
9.46 


- Dew- 
point. 

Cent. 
10.5 


Relative 
bumidity. 

Per cent. 
40.4 


Wind and 
weather. 




76^8 i 


( Calm. 
I Clear. 


5 

6 


7 


8 17 

8 17 
8 17 
8 17 


p. m. 

a. m. 
p. m. 
a. m. 


82 .1 1 

85 .3 1 
81 .9 
80 .7 , 


67 .1 

70 .1 

69 .6 

70 .5 


15 .0 27 .83 19 .50 8 . 33 , 

15 . 2 29 . 61 ' 21 . 17 8 . 44 , 
12 . 3 , 27 . 72 20 . 89 6 . 83 ; 
10.2 27 . 06 21 . 39 5 . 67 1 

1 


12.38 

14.11 
14.68 
15.88 


14.6 

16.7 
17.3 
18.5 


44.6 

45.7 
53.1 
59.6 


5 (lentle. 

I Slight haze. 

Cloudy. 

Cloudy. 

Cloudy. 


7 


8 17 


p. m. 


70 .1 


64 .0 


6 . 1 ' 21 . 17 , 17 . 78 3 . 39 1 

1 ' 


13.28 


15.7 


70.9 


> Calm. 
Fair. 


8 


8 17 


a. ni. 


84 .1 


71 .9 i 


12 . 2 28 . 94 : 22 . 17 6 . 77 

1 ' 


16.18 


18.8 


54.7 


Gentle. 
: Clear. 


8 
9 


8 17 
8 17 


p. m. 
a. m. 


67. .8 
84 .8 


60 .1 
72 .6 


7.7 19 . 89 15 . 61 4 . 28 | 

1 

12 . 2 1 29 . 33 ' 22 . 56 6 . 77 


10.89 
16.65 


12.6 
19.3 


63.1 
52.5 


; GenUe. 
i Cloudy. 

Calm. 

Clear. 


9 


8 17 


p.m. 


83 .8 


63 .5 

1 


20 . 3 , 28 . 78 17 . 50 i 11 . 28 ] 


8.83 


9.4 


30.0 


: Fresh. 
Clear. 


10 
10 


8 17 

8 17 


a. ni. 
p. m. 


84 .3 
74 .3 


69 .6 
61 .5 


14 . 7 1 29 . 06 20 . 89 8 . 17 ^ 

12 .8 23 .50 16 .39 7 . 11 1 

t 


13.96 
10.08 


16.5 
11.4 


46.6 
46.9 


Gentle. 
; Clear. 

Gttntle. 
} Clear. 


11 


8 15 


a. m. 


80 .4 


65 .6 


14 . 8 26 . 89 18 . 67 8 . 22 1 


11.61 


13.6 


44.0 


( Calm. 
Clear. 


11 


8 15 


p. m. 


81 .3 


59 .6 


21 .7 27 .39 15 .33 12 . 06 


6. 52 


4.9 


24.1 


Fresh. 
Clear. 


12 
12 


8 15 
8 15 


a m. 
p.m. 


81 .7 
72 .0 


66 .8 
63 .2 


14 .9 27 .61 19 .33 8 . 28 
8 . 8 , 22 . 22 17 . 33 ' 4 . 89 


12.20 
12.10 


14.4 
14.3 


44.4 

60.7 


Brisk. 

! Clear. 

Clear. 


13 


8 15 


a. m. 


81 .4 


67 .0 


13 .8 27 .44 19 .78 7 . 66 

i 


13.00 


15.4 


50.0 


C Gentle. 
Clear. 


13 


8 15 


p.m. 


81 .9 


57 .7 


24 . 2 , 27 . 72 14 . 28 13 . 44 ; 


4.99 


1.1 


18.1 


Gentle, 
i Clear. 


14 


8 15 


a. m. 


78 .0 


62.8 


15 .2 ; 25 .56 17 .11 8 .45 

1 , 


9.08 


11.3 


40.9 

1 


Calm. 
Clear. 


14 


■8 15 


p.m. 


78 .7 


56 .5 


22 . 2 25 . 91 13 . 61 12 . 33 

1 


5.04 


1.3 


20.3 . 


Fresh. 
Clear. 


15 


8 15 


a. m. 


78 .0 


58 .5 


19 . 5 ' 25 . 56 14 . 72 10 . 84 


6.71 


5.4 


27.5 


: Fresh. 
Clear. 


15 

1 


12 35 


p. m. 


86 .4 


59 .2 


27 .2 30 .22 15 .11 15 .11 


*4.7l 


0.3 


14.7 


: Brisk. 
i Clear. 


1 15 


8 15 


p. ni 


76 .8 


55 .0 


21 . 8 24 . 89 12 . 78 12 . 11 


4.59 


0.0 


19.6 


\ FffHll. 

; Clear. 


16 


8 15 


a. m. 


73 .2 


58 .3 


14 . 9 1 22 .89 14 . 61 ' 8 . 28 

1 1 


7.96 


7.9 


38.4 


Gentle. 
Clear. 


16 


12 35 

1 


p. ni. 


84 .3 


59 .8 


24 . 5 1 29 . 06 15 . 44 13 . 62 

1 


5.76 


3.2 


, 19.2 

1 


C Fresh. 
) Clear. 


16 


8 15 


p. m. 


74 .2 


55 .9 


18 .3 23 .44 13 .28 10 . 16 

1 


5.94 


3.6 


27.7 


< Brink. 
{ Clear. 


17 
17 
17 


1 8 15 

12 35 

8 15 


a. m. 
p. m. 
p. ni. 


75 .8 
84 .6 
73 .7 


59 .8 
57 .7 
53 .7 


16 .0 24 .33 15 .44 i 8 . 89 
26 . 9 29 . 22 14 . 28 14 . 94 
20 .0 1 23 .17 12 .06 ' 11 .11 


8. 28 

M. 13 

4.58 


&5 
- 1.4 

1-0.1 


36.7 
13. 7 
21.7 


C Frush. 
} Clear. 
( Brisk. 
i Clear. 
( YroHh. 
) Clear. 


18 


8 15 


a. m. 


1 72 . 


57 .0 


15 . 22 . 22 13 . 80 8 . .13 

1 1 


7. 32 


1 6.7 


36.7 


V Calm. 
\ Clear. 


18 


12 35 

! 


p. ni. 


85 .3 


58 .5 


26 . 8 ' 29 . 61 14 . 72 14 . 89 


*4. .'>2 


- 0.2 


14.6 


( Fresh. 
) Clear. 


18 
19 


8 15 

> 8 15 

1 
! 


p. m. 
a. m. 


\ 58 . 6 
1 73 .7 


51 .3 

58 .2 

1 


7 . 3 14 . 78 10 . 72 4 . 06 

15 . 5 23 . 17 14 . 56 8 . 61 

! 


7.43 
7.72 


; 6.9 


59.3 
1 36.5 


( (;entle. 
{ Clear. 
( Gentle. 
) Clear. 
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Table 146-— Continued. 



Induction of tcet and dry hulb thermometer reading$ — Continaed. 











Correcte^l Fabrenbeit 


• 


Rf^aced to C«-Dtigrade. 


By Smitbflonian Ublea. 




Dat4;. 


Local time. 


Dry It a. 
No. 1037. 


Wet a. «. 
Xo. 1045. 


Differ 
ence. 

o 


Wet. 


I>r>-. 


Differ- 
ence. 

o 


Force of 
rapor. 


Dew- 
point. 


Relative 
bnmiditf. 

Percent. 


Wind and 
weather. 


1881. 


o 


cCenL 


— ^^ ^e 


AafE. 19 


12 40 


p. m. 


88 


.8 


60 


.5 


28 


.3 


31 .56 ] 


15 


.83 


15 


.73 


M.89 


ao 


14.1 


(Geatle. 
Clear. 


19 


e 


15 


p.m. 


58 


.1 


51 


.9 


6 


^ 2 


14 .50 ] 


tl 


.06 


3 


.44 


8.01 


8.0 


6Sl3 


Gentle. 
Clear. 


20 


X 


15 


a. ni. 


72 


.9 


58 


.0 


14 


.9 


22 . 72 ] 


14 


.44 


8 


.28 

• 


7.80 


7.6 


38.0 


Gentle. 
Clear. 


20 


12 


35 


p.m. 


91 


.5 


61 


.4 


30 


.1 


33 .06 ] 


16 


.33 


16 


.73 


•4.79 


a6 


12.7 


Freeh. 
Clear. 


20 


8 


15 


p. m 


60 


.4 


56 


.9 


12 


.5 


20 .78 ] 


13 


.83 


6 


.95 


8.02 


8.0 


43.9 


; Gentle. 
Clear. 


21 


8 


15 


a. m. 


77 


.2 


61 


.5 


15 


• 1 


25 .11 ] 


16 


.39 


8 


.72 


9.20 


10.1 


3&8 


cUjfht. 
Clear. 


21 
21 


12 36 
8 15 


p.m. 
p. m 


91 
80 


.2 
.3 


62 

58 


.9 
.0 


28 
22 


.3 
.3 


32 .89 : 

26 . 83 : 


17 
14 


.17 
.44 


15 
12 


.72 
.39 


*6.11 
5.62 


4.0 
2.8 


lflL4 
21.5 


Freeh. 
; Clear. 
Briak. 
Clear. 


22 


8 


15 


a. ni. 


75 


.5 


60 


.9 


14 


.6 


24 . 17 ] 


16 


.06 


8 


.11 


9.22 


10.1 


41.0 


: Light. 
Clear. 


22 


12 35 


p. m. 


87 


.8 


60 


.3 


27 


.5 


31 .00 ] 


15 


.72 


15 


.28 


*5.07 


1.4 


15.2 


Freah. 
Clear. 


22 


8 


15 


p. m. 


C3 


.6 


53 


.0 


10 


.6 


17 .56 1 


11 


.67 


5 


.89 


7.12 


6.3 


47.6 


; Freah. 
Clear. 


23 


8 


15 


a. m. 


77 


.0 


61 


.5 


15 


.5 


25 .00 ] 


L6 


.39 


8 


.61 


9.24 


10.1 


39.3 


Light. 
Clear. 


23 


12 35 


p.m. 


88 


.7 


50 


.6 


29 


.1 


31 .50 ] 


15 


.33 


16 


.17 


*4.27 


- 1.0 


12.4 


Fresh. 
Ckar. 


23< 


8 


1ft 


p.m. 


71 


.7 


56 


.5 


15 


^ 2 


22 .06 ] 


13 


.61 


8 


.45 


7.08 


6.2 


35.8 


: Freah. 
Clear. 


1 
24 

• 


8 


15 


a. m. 


79 


.3 


58 


. 5 


20 


.8 


26.28 1 


14 


.72 


11 


.56 


6.30 


4.5 


24.8 


Freeh. 
Clear. 


24 


12 35 


p. m. 


80 


.6 


61 


.0 


25 


.6 


30 .33 ] 


[6 


.11 


14 


.22 


•6.00 


3.8 


18.7 


Freah. 
Clear. 


24 


8 


15 


p. m. 


76 


.8 


55 


.5 


21 


.3 


24 .89 ] 


13 


.06 


U 


.83 


4.89 


0.9 


20.9 


Brisk. 
Clear. 


25 


8 


15 


a. m. 


72 


.7 


58 


.7 


14 


.0 


22 . 01 ] 


14 


.83 


^ 
1 


.78 


8.39 


S.7 


41.1 


; Calm. 
Clear. 


25 


12 35 


p. m. 


82 


.4 


57 


.7 


24 


.7 


28 . 00 ] 


14 


.28 


13 


.72 


4.78 


0.5 


17.0 


Fresh. 
Clear. 


26 


8 


15 


p. m. 


68 


.7 


52 


.6 


16 


.1 


20 .89 ] 


11 


.44 


8 


.95 


5.34 


2.1 


30.0 


Fresh. 
Clear. 


28 


8 


15 


a. m. 


74 


o 


59 


.4 


14 


.8 


23 .44 j 


15 


.22 


8 


oo 


8.50 


8.9 


39.7 


Light. 
) Clear. 


20 


12 


35 


p.m. 


86 


.3 


57 


.5 


' 28 


.8 


30 .17 : 


14 


.17 


16 


.00 


*3.54 


- 8.4 


11.1 


C Brisk. 
Clear. 


2(. 


8 


15 


p.m. 


65 


o 


50 


.6 


' 14 


.6 


18 . 44 1 


10 


.33 


8 


.11 


5.08 


1.4 


32.3 


C Freeh. 
> Clear. 


27 


8 


15 


a. m. 


65 


.2 


49 


.6 


15 


.6 


18 .44 


9 


.78 


8 


.66 


4.48 


- 0.4 


28.4 


: Brisk. 
Clear. 


27 


12 


35 


p. m. 


76 


.4 


55 


.5 


20 


.9 


24 .67 ] 


13 


.06 


11 


.61 


5.03 


1.3 


21.7 


; Light. 
Clear. 


27 


8 


15 


p. m. 


53 


.2 


45 


.2 


' 8 


.0 


11 .7t* 


1 


.33 


4 


.45 


5.33 


2.1 


51.6 


; Calm. 
Clear. 


28 


8 


15 


a. m. 


66 


.5 


53 


o 


13 


.3 


10 . 17 ] 


11 


.78 


1 


.39 


6.43 


4.8 


38.8 


Light 
Clear. 


28 
28 


12 
8 


35 
15 


p.m. 
p.m. 


79 
60 


.5 
.6 


59 
53 


.0 

.1 


20 

7 


.5 
.5 


26 .30 ] 
15 .89 ] 


15 
11 


.00 
.72 


11 

4 


.39 
.17 


6.63 
8.09 


5.2 
8.1 


25.9 
60.1 


Fresh. 
; Clear. 
Gentle. 
Clear. 


29 


8 


15 


a. m. 


69 


_ 2 


54 


.2 


15 


.0 


20 .67 ] 


12 


.33 


8 


.34 


6.27 


4.4 


34.5 


: Light 
Clear. 


29 


12 


35 


p. m. 


70 


.8 


56 


.4 


23 


.4 


26.56 ] 


13 


.56 


13 


.00 


4.65 


0.2 


17.9 


Fresh. 
Clear. 


29 

30 


8 
8 


15 
15 


p.m. 
a. m. 


60 
67 


.0 

.7 


47 
53 


.0 
.6 


12 
14 


.4 
.1 


15 . 56 
19 . 83 1 


8 

12 


.67 
.00 


6 

7 


.89 
.83 


4.79 
6.30 


0.6 
4.5 


3flL3 
36.7 


( Gentle. 
> Clear. 
C Fresh. 
i Clear. 


30 


12 


35 


p.m. 


77 


.8 


57 


.5 


20 


.3 


25 . 44 ] 


14 


.17 


11 


.27 


6.06 


3.9 


25.1 


(Fresh. 
> Clear. 


• 30 


8 


15 


p. m. 


59 


. 4 


48 


.6 


11 


.1 


15 . 39 


9 


.22 


6 


.17 


5.46 


2.4 


4L9 


( Cslm. 
> Clear. 


31 


8 


15 


a. m. 


66 


. 7 


54 


.4 


12 


.3 


19 . 28 1 


12 


.44 


6 


.84 


7.15 


6.3 


42.9 


C Light 
\ Clear. 


31 


12 


35 


p. m. 


HO 


.8 


56 


.5 


24 


.3 


27 .11 ' 1 


13 


.61 


13 


.50 


4.43 


- 0.5 


IflLO 


C Freah. 
) Clear. 


31 


8 


15 


p. m. 


59 


.3 


48 


.8 


'lO 


.5 


15 .17 


9 


.33 


5 


.84 


5.70 


3.0 


44.8 


CCalm. 
(Clear. 


Si-pl. 1 


8 


15 


a. m. 


67 


.5 


52 


.0 


14 


.» 


19 . 72 ] 


11 


.44 


8 


.28 


5.72 


3.1 


33.5 


(Calm. 
> Clear. 


1 


12 


35 


p.m. 


80 


.6 


59 


.0 


21 


.6 


27 .00 1 


15 


.00 


12 


.00 


0130 


4.5 


23.8 


C Fresh. 
> Clear. 


1 


8 


15 


p. m 


66 


.1 


.V2 


.0 


14 


.1 


18 .94 i ] 


[1 


.11 


7 


.83 


5.72 


3.1 


35.2 


C Calm. 
) Clear. 


o 

m 


8 


15 


a. m. 


73 


.7 


56 


.5 


17 


.2 


23 . 17 ] 


13 


.61 


9 


.56 


6.52 


5.0 


S0.8 


(Calm. 
{Clear. 


2 


12 


35 


p. m. 


87 


.8 


58 


.5 


29 

1 


.3 


31 .00 ! 1 


14 


.72 


16 


.28 


*3.83 


- 2.4 


11.6 


( Brisk. 
{Clear. 
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Table 146 — Continued. 



Reduction of wet and dry bulb thermometer readings — Con tinned. 



Date. 



1881. 
Sept. 2 

3 

3 

3 

4 

4 

4 

5 

5 

5 

6 



Local time. 



8 15 
8 15 

12 35 
8 15 
8 15 

tl 27 
8 15 
8 15 

12 35 
8 15 
8 15 



6 :12 35 
6 I 8 15 



7 


8 15 


7 


12 35 


7 


8 15 


8 


8 15 


8 


12 35 



8 I §8 15 



Corrected Fahrcnbeit. I Reduced to Centigrade. By Sniithsonian tables. 



I Dry B. «. ' Wet ». 8. Differ- 
I No. 1037. No. 1045. ence. 



Wet. 



Dry. 



I Differ- 
ence. 



Force of Dew- ; Relative 
vapor. point, humidity. 



1 

1 


o 


o 


o 


o 


o 


o 


mm. 


oCent 


Percent. 


p. m. 


73 .3 


52 .1 


21 .2 


22 .94 ' 


11 .17 


11 .77 


3.69 


- 2.9 


17.8 


a. m. 


76 .3 


52 .9 


23 .4 


24 .61 


11 .61 


13 .00 


*3.30 


- 4.3 


14.4 


p. ro. 


85 .3 


56 . 7 


28 .6 


29.61 


13 .72 


15 .89 


*2.72 


- 6.8 


8.8 


p. m. 


60 .7 


49 .1 


20 .6 


20 .94 


9.50 


11 .44 


2,85 


- 6.2 


15.5 


a. m. 


67 .7 


49.2 


18 .5 


19 .83 


9 .56 


10 .27 


3.50 


- 3.6 


20.4 


p. m. 


77 .6 


54 .6 


23 .0 


25.33 


12 .56 


12 .77 


4.08 


-1.6 


17.0 


p. m. 


74 .2 


51 .2 


23 .0 


23 .44 


10 .67 


12 .77 


*2.80 


- 6.0 


13.5 


a. m. 


72 .2 


54 .5 


17 .7 


22 .33 


12 .50 


9.83 


5.59 


2.8 


27.9 


p. m. 


81 .0 


59 .5 


21 .5 


27 .22 


15 .28 


11 .94 


6.55 


5.0 


24.4 


p. m. 


72 .9 


52 .6 


20 .3 


22 .72 


U .44 


11 .28 


4.14 


- 1.4 


20.2 


a. m. 


65 .7 


50 .4 


15 .3 


18 .72 


10 .22 


8 .50 


4.81 


0.6 


30.0 


v. m. 








........ 













p. m. 


52 .7 


47 .5 


5 .2 


' 11 .60 

1 




8 .61 


2 .89 


6.87 


5.7 


67.9 


a. m. 


67 .1 


53 .6 


13 .5 


19 .50 


12 .00 


7 .50 


6.48 


1 *■» 


88.4 


p. m. 


79 .8 


56 .9 


22 .9 


26 .56 

1 


13 .83 


12 .73 


4.98 


1.1 


' 19.2 


p. m. 


52 .9 


49 .2 


3 .7 


11 .61 

1 


9 .56 


2 .05 


1 7.84 


7.7 


77.0 


a. m. 


69 .5 


56 .0 


13 .5 


20 .83 

1 


13 .33 


7 .50 


' 7.85 


' 7.7 


1 42.9 

1 


p. m. 


84 .3 


1 59 .5 


24 .8 


, 29 .06 


15 .28 


13 .78 


5.58 

1 


! -^ 


1 18.6 


D. m. 








1 






1 




. 


r' 




1 




1 








1 


1 



Wind and 
weather. 



t Owing to the illnens of the observer the leadings at 12.35 were delayed until 1.27. 
! Omitted on account of illness of Sergeant Dobbins. 
§ Station closed by direction of I^fessor Langley. 



Brisk. 

Clear. 

Gale. 

Clear. 

Gale. 

Clear. 

Brisk. 

Clear. 

Brisk. 

Clear. 

Fresh. 

Clear. 

Brisk. 

Clear. 

Brisk. 

Clear. 

Gentle. 

Clear. 

Gale. 

Clear. 

Brisk. 

Clear. 

Calm. 

Clear. 

Light 

Clear. 

Fresh. 

Clear. 

Calm. 

Clear. 

Light. 

Clear. 

Freeh. 

Clear. 
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sea-level, as determined at Allegheny, its area within the irregular line corrospoDdiug to an actually 
observed value of 1.7 calories. We have, by our subsequent long-continued observutions at'AIle- 
gheny, determined at leisure, and with all the accumcy we can at present command, the coefficients 
of transmi^aioD in this extreme infra-red portion, where wc find Ihein, in general, olightly less than 
nnity. "They are given in Table 123. Itiaby the use of these subsequent Allegheny observations, 
below Asl**.? (to which point the mensnres on the expe<Ution were limited), that we have extended 
theopper carves (II, III, IV} shown in Plate XV to '>.! near the extremest limit of our latest 
observations. The calculated ordinates for curves II, III, IV from near 0''.8 to I" .2 coincide very 
nearly with the Allegheny onlinates in the same region. In other wonis, we obtniu in this part of 
the infra-red nearly the same heat at Allegheny as outside the atmosphere, these rays t>eing trans- 
mitted almost nnabsorbed (always with the exception of the cold biinds). 

We shall take, when necessary, a mean of these values and of those determined for the same 
rays by comparison of Lone Pine and Mountain Camp, and employ this single mean cocfflcient for 
each ray, slightly modifying the contour of curves II, III, IV near A=1*' so that they may not be 
discontinaous with the curve showing the results in this region as derived from Allegheny. This 
modification, it will be understood, is made only to prevent a confusion of lines which the eye crnld 
not follow in the plate, the four lines liere blending nearly into one. The measures of the areas 
have been made before this is done. The actual areas and the curves as presented, however, will 
be fonnd to be almost exactly in the ratios already given. 

In examining these curves, the reader's attention is directed to the fact that since the lar^ 
depressions in the lower curve corresponding to A=0».OJ, I^.IS, 1".;W to l^-STjand l»^I tol*-^. 
are deemed by us to be most probably due to telluric atisorption, these depressions disajiiicv n. 
the cn^^'e representing energy before absorption. Although the coefficients of traNSffiiwauL iir 
this extreme infra-red heat, derived from ol)iH'rvatHins on tho intervals between the wW iJWMk 
are very nearly nnity, the nndetermiocd coefiicients of transmission in tho cold bandc liioiiKrTV' 
are much nearer zero. Acconliiigly, if we mcsi.sure tlic nrenof the lower curve below «*.Tf . t.tm 
whole dark-heat curve) following the sinuosities, wo obtain an area for this jjart a 
in proiKirtion to the correspondli'g area in curve three; so that, roughly t 
of transmission of the dark-heat, considered as a whole, is less than nitgbt be ii 
consideration of the coefficients of transmission obtained from tho little-a 
in our preceding tables. 

It will have been seen from what has prece^lcd that there arc at least faw^ 
the observations. 

I. We may compare high and low sun observations at a given i^aet 3i«*i 
that tfaediathermaneity of the air has suffered no change in theinterr^k^aiBjt 
a supposition which is very improbable ; hut ii|>art from this we ka«w^ ft^.«a 
values thus deduced for the lieat on Whitney from Ijone Piiieo(i^f«rtMK.r ^ 
Pino from Whitney observations, that this nietho<l gives reaaiUwai 
should be placed on it, when we have better at command. 

][. We iiiiiy combine tho siuiultitiicoiis ubscrvaMunH at taf ^ 
Burning the transmission by the airabove the iiiouiitnln to Ittfc'i 
stratum between top and bottom, and this method la 
be incorrect by direct observation, aod it gives so larjce s- 
safety.* 

III. We may endeavor to use our knowlndgu that tfee 
different coefficients of trananiisHiun by tlie followiof pnai 

Consider the atmosphere divided into two stntt ^m 
will call « for the upper and b for the lower layer, 
applied separately to our approximately hoinoeen 
sion bx for ihp utmosphprlc (.truturd Ih-Iw..^ t^^ ^^ ^^ ^^ 
Mount Whitngy an d Lone fi ne noo n oIkhu- ^ 
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confidence, since they are quite independent of any hypotheses as to the manner in which the in- 
termediate atmosphere exercises its absorption. Second, let the coefficients of transmission of the 
upper air, a\ be determined by comparison of Mount Whitney high and low sun observations. 

Third, multiply the numbers denoting outside energy, obtained from method II, by the factor ^• 

An example will make the subject clearer. Fig. 13 represents the homogeneous atmosphere 
divided into two strata of equal thickness, but having different coefficients of transmission, namely, 
a for the upper and h for the lower stratum. The slanting lines represent rays from the sun, whose 
zenith distance is 60^, so that sec r=2. Then if A=true solar energy outside the atmosphere and 
Ji=relative air-mass traversed=sec C=l and 2 in the above cases, the quantities written on the 
left of the upright line, or rays for zenith sun, are the energies of the ray from zenith sun, found at 
the points where written. Those on the right of the lino are the energies found there when C=60o. 

The following are modifications of the formulfe used in computing the energy of a ray before 
entering the atmosphere in reduction of bolometric observations : 

^^^ ^ -d, 



(2) 



^ = 



t^' 



Their truth is apparent if the law of transmission of a homogeneous atmosphere is that as* 
sumed above. In these formuhB 

di = registered energy of a ray when air-mass = M2. 
di = registered energy of a ray when air-mass = Mi. 
t = coefficient of transmission for zenith depth of atmosphere. 
E = energy outside the atmosphere, computed by the formula (2). 
M2 = is taken greater than A/i, and consequently d^ is less than d^. 




Ulustratingr Atmoaphoric Ab3orption. 

For measurements taken at the upper and lower limits of the lower stratum the following 
examples are typical of the first three methods : 

Table 119. 



Comparison of high and low sun observa- 
tions at upper station. 


Comparison of high and low sun observa- 
tions at lower station. 


Comparison of high sun observations at 
upper and lower stations. 


In this case we have— 
Substituting in formula (1)— 

Aa 
Substituting in formula (2)— 

E=^'^=:A 

a 

: 


In this case wo have — 
di=zAab dt=zAa^b* Ifi-Jfi^l 
Substituting in formula (I)— 

Aab 
Substituting in formula (2)— 

ab 


In this case we have— 

di = Aa dt=Aab Mi-Mi = i 
Substituting in formula (1)— 

Aa 
Substituting in formuU (2)— 

£-^«-^A* 
b b 
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The meaning to be drawn from tho first two of the above examples is that, if the absorption 
were invariable at all hours of the day and for all parts of the earth situated at the same height above the 
sea and subjected to the same air-pressure^ the comparison of high and low sun observations would give 
as the true energy outside the air, whether the absorbent material were distributed uniformly through- 
out the atmo<«phere or were gathered into horizontal layers superposed according to any law what- 
ever. The character of the atmosphere interposed between us and the sun, however, is constantly 
varying through the day, and even if it were at rest, a vertical section would have a different 
composition from that made at a very great inclination, which would necessarily pass over ])ortions 
of the earth's surface subjected to conditions very different from those existing at the place of 
observation. But besides these unavoidable variations of the atmosphere, we have to consitler 
the effect of the actual non-homogeneity of the pencils observed on, and other objections alread}' 
referred to, particularly that there seems to be a progressive change in the atmosidieric transmis- 
sion for the same air-mass dependent on the altitude of the sun, whose rays are continually affecting 
the condition and distribution of at least one of its constituents, atmospheric moisture. That these 
variations exist is conclusively shown by the want of agreement between the results for outside 
energy from the combination of different series, and notably by the different results from high and 
low sun observations at the summit and at the base of the mountain. The first two methods, then, 
while theoretically correct, are so only in the case of theoretical atmospheric conditions which 
nature never really presents us. 

In the third case, however, the formula gives a value for the energy outside the atmosphere 
which is certainly incorrect, or one which is only true when a=&. If ^>&, as in the case in obser- 
vations made on Mount Whitney, EyA; but since from the last equation A=E , we could find 

a 

Aj or the true value required, if b and a were known. As, however, we can only determine a by a 
method already shown to be objectionable, the determination by method III is still doubtless theo- 
retically imperfect, though less so than that by method II. For re;isons given later we may expect 
that the value found by it is more likely to be in excess than in defect. 

There remains the fourth method which we have described as furnisliing the most trustworthy 
minimum value; t. e., from the Lone Pine high and low sun observations of each ra^*, compute what 
should have been observed at Mountiiin Camp, and then multiply the value representing the con- 
stant for the ray obtained from high and low sun observations on the mountain by the fraction 

Value actually observed on mountain 
Value computed from Lone Pine observations 

We thus obtain the values in column 8. The following are the combinations which have been 
made: 

No. 1. Lone Pine I and Lone Pine II. 

No. 2. Lone Pine I and Lone Pine III. 

No. 3. Mountain Camp I and Mountain Camp II. 

No. 4. Mountain Camp I and Mountain Camp III. 

No. 5. Mountain Camp la and Mountain Camp III. 

No. 6. Lone Pine I and Mountain Camp I. 

No. 7. Lone Pine I and Mountain Camp I (using 2 coefficients of transmission). 

No. 8. Mountain Camp I and II multiplied by factor from Ijone Pine observations. 

No. 9. The mean of 8 and 7. 

The results follow in the next table. Nos. 1 to 5 are obtained by method I, No. 6 by method 
II, No. 7 by method III, and No. 8 by method IV, while No. 9 is the mean of 8 and 7. 
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Table 120. 



ENERGY OUTSIDE THE ATUOSPHERE. 



Wave length. 


No. 1. 


No. 2. 


No. 3. 


No. 4. 


No. 5. 


No. 6. 


No. 7. 


No. 8. 


No. 9. 


0'*.350 


64.8 

52.2 

86.1 

130.3 

184.0 

2i9. 

202.4 

159.4 

106.3 

100.5 

70.3 

55.6 

38.6 

24.5 

13.0 

4.1 


00 

75.6 

100.7 

138.0 

175.9 

224.9 

207.1 

167.2 

110.6 

93.1 

71.0 

51.8 

36.0 

22.9 

12.2 

3.9 


100.2 

06.7 

123.3 

204.0 

258.8 

274.2 

225. 8 

160.9 

106.7 

87.0 

72 4 

55.5 

40.2 

26.5 

14.5 

4.5 


77.4 

65.8 

90.3 

197.9 

2.57. 8 

276 4 

220.4 

167.6 

107.7 

81.9 

67.1 

51.6 

37.4 

24.7 

13.7 

4.3 


24.0 

30.9 

93.1 

189.0 

246.8 

273. 5 

242.0 

181.0 

111.3 

81.5 

62.3 

46.9 

34.4 

23.7 

13.1 

4.2 


248.2 

242.1 

200.7 

1046.0 

1009.0 

587.8 

34U.6 

175.7 

101.2 

57.3 

49.3 

43.5 

36.0 

27.5 

18.4 

7.5 


203.9 

196.6 

242.2 

783 2 

852.9 

514.7 

317.7 

173.9 

102.3 

61.3 

62.2 

45.0 

36.4 

27.1 

17.5 

6.8 


122.5 

110.0 

139.1 

105.5 

874.1 

33X0 

255.4 

167.3 

lOJS. 

78.2 

65.1 

48.0 

39.2 

29.1 

19.4 

7.0 


163.2 

163.3 

100.7 

544.4 

613.6 

423.8 

286.5 

170.6 

10.1.7 

09.8 

5a7 

46.5 

87.8 

28.1 

18.5 

6.9 


.375 


.400 


.450 


.500 


.600 


.700 


.800 


1 .000 


1 .200 


1 .400 


1 .600 


1 .800 


2 .000 


2 .200 


2 .400 





AREA OF OUTSIDE CURVE. 



Above A = 1^.2 

Belon A=1m.2 

Total area 

Solas co.xstaxt (calories) 




63, 075 I 70. 625 I 70, 500 1 70, 530 
24, 240 I 25, 490 ; 23, 760 i 22, 320 



152. 950 
20, 710 



87.930 i 83.315 , 96. 115 ' 94,260 i 92.850 173.600 



2.067 



2.053 



2. 260 I 2. 217 I 2. 183 



4.081 



127, 830 69, 688 
21.230 26,246 


98.759 
23.738 


149,000 


95,933 


122,497 


3.S05 


2.630 


3.068 



The first five values are those obtaiued by coiubiuiug high aud low sun observations at a single 
Btatiou. They are presented here only for their use in determining the seventh and eighth, and 
as showing the errors from this mode of observation, since they are demonstmbly too small. The 
sixth value is that obtained by the hypothesis of Forbes. It is demonstrably too large. We need 
concern ourselves only with the values given in columns 7 and 8. Column 9 is the me^in of the last 
two, and represents a value nearly accordant with that finally adopted by us. The values below 
X = lfu2 are of comparatively small importance in their effect on the sun. They are obtained by 
aid of the Allegheny observations. 



CHAPTE R XIII. 



SPECTROBOLOMBTEB OBSERVATIONS TAKEN AT ALLEGHENY, IN 1882, WIT* 

FLINTGLASS PEISM. . 

The following are the dates on which measurements of • atmospheric transmission wore 
attempted. Those which had to be rejected for the present pnrpose are indicated by an asterisk. 
1882 : February 15, March 3,» March 4,» March 23, March 29, March 31, April 3,» April 4,» April 17,* 
April 24, May 1, May 2, May 3^ May 19,» May 24,» May 29, June 22, September 4,» September 12, 
September 15, November 25. 

The following table contains a record of high and low sun observations available for determi- 
nations of atmospheric transmission. 

The same notation is used as in the previous article, except that on some days there are 
several sets of low-sun observations, which are distinguished by subscript figures. The noon 
deflection is, in all cases, denoted by ^i, and the afternoon measures by cfi, d^j &c., in the order in 
which they were taken. 

Table 121. 



Deviation. 



IM-l 
Feb. 15 

H»r. 23 



ICar. 29 



M*r. 81 
Apr. 24 



M*7 1 
May 2 



\dt 

Ctfi 
\d9 

Jd, 

Jdi 
>d4 

Kdi 
\di 

Jdi 
Id. 

Kdt 
\dt 

Kdt 
\d» 

Kdi 
\dM 

idi 

Jdi 
\d» 

Jdi 

Jdi 
\d» 

<di 
\d» 

\dA 



529 Wibio W W> W 



4»o 8o< 



0.70 

an 



0.54 

a IS 



2.71 
0.70 



11.07 
4.2» 



23 
10 



2.20 

ass 



2.20 
1.83 



2.20 
a 61 



2.20 
a 18 



23 

4 



11 SO 
8.29 



ia80 
7.13 



I I 

490 00'; 480 00', 470 30* 



18.8 
13.28 



law 

8.92 



18.8 
7.42 



ia80 
1.8S 



18.8 
8.87 



38 
21 



88 
8 



las 



28 
24.71 



28 
IS. 20 



28 
8.87 



163 
3 



104 



104 
80 



104 
13 



104 
6 



104 

4 



104 
87 



104 
2i 



112 
20 



100 
57 



100 
34 



102 
SO 



74 
88 



46© 45* 



173 
49 



140 
97 



140 
64 



158 
87. S 



110 



460 30' 



23i 
16 


340 
115- 




183 
158 




393 
890 


183 
61 




893 
241 


183 
31 




393 
103 


183 
9 




303 
80 


183 

7 




89:< 
60 


155 
56 


299 

130 


340 
176 


155 
37 


299 

96 


840 
116 



:t06 
138 



820 
212 



850 
170 



848 
241 



460 12* 



300 
233 



428 
415 



428 
800 



428 
138 



428 
125 



428 
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powerful indraught towards the summit of the mountain at mid-day. On the few occasions when 
southeast winds blew they seem to have been drier than those from the northwest. 

It will be seen by an inspection of the tables and of the corresponding curves (Plate XVI), 
that the force of water vapor on the mountain usually increases during the day. Apparently, 
after sundown it begins to decrease, and has ordinarily fallen somewhat by the time of the evening 
observation at 8.15 {i. m. 

The relative humidity is lowest at the noon observation and highest in the evening. No 
observations were made before sunrise at the mountain camp, but the tri-hourly readings during 
a single night at the peak showed the highest relative humidity in the early morning. The curves 
of relative humidity (Fig. 15) at the upper and lower stations are in tolerably close agreement, 
both as to form and numerical value ; but the absolute humidity, or force of vapor, is totally 
different in amount and in the law of its variation at the two stations. 
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Attention is particalarly called to the cnrve showing diurnal variation of moisture at Lone 
Pine (Fig. 16). It is the result of tri-hourly observations which, individually considered, are fairly 
concordant, and which extend over a period of three weeks, sutficient, it is imagined, to eliminate 
all abnormal variations. The curve should also be compared with that for each day (Plate XVI). 
It will be seen that during the night, from midnight to sunrise, the force of vapor remains nearly 
constant. Upon the rising of the sun it rapidly increases, usually attaining its greatest develop- 
ment about 9 a. m., after which it diminishes until the middle of the afternoon, becoming smallest 
at the hottest hour of the day. The moisture after this time progressively increases^ reaching a 
second maximum after sundown, and then decreases again until midnight. 

The curve, which is entirely different from the diurnal variation observed at sea or in moist 
climates, is confirmatory of the results obtained by other observers in hot and dry climates, and 
may be considered characteristic of such.* 

Quite different is the curve of absolute humidity at the mountain station, which exhibits a 
continual rise during the hours of sunshine, if we may be permitted to draw conclusions from 
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•Compare Blanford, "Indian Mctoorologist's Vade-Mecum," pagollO, where a very probable explanation of 
this effect is given. Quoted in thU report,.page.l86. 
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*^he comparatively small uamber of observations at our disposal. This result is probably to be 
explained by the transference of water vapor from the lower regions of the atmosphere to the 
higher by diffusion and convection — motions which are largely produced by the heating effect of 
the solar rays. If the relative humidity of the upper air does not also increase, it is because the 
source of supply at the surface of the desert plains is too limited to counteract the very great 
increment in the capacity of the air for retaining moisture, produced by its rapid rise of tempera- 
ture. It will be noticed that the range of variation of relative humidity is smaller at the upper 
station than at the lower. In a moister climate this midday decrement of relative humidity at 
high altitudes tends to disappear, and may even be changed to an increment. The tendency to 
increased cloud-formation and rainfall in the afternoon has been noted by many meteorologists. 
It, no doubt, indicates a corresponding law of diurnal variation in the relative humidity of the 
cloud-bearing layers of the atmosphere. That no such law was observed on Mount Whitney is 
again to be attributed to the extraordinary dryness of the climate. The transference of moisture 
from the lower layers of the atmosphere to the higher by diffusion and convection, which, in a 
nearly saturated atmosphere, might produce cloud and precipitation, is here powerless to effect 
more than a slight lessening of the desiccation pi*oduced by the midday sun. It is worthy of 
note that, during the latter part of August and early in September, no such thing as a cloud- 
bearing stratum of air appears to have existed at any altitude. With the exception of smoke from 
forest fires, not the slightest visual obscuration of the sky could be detected. This fact is of 
importance in any estimation of the probable quantity of water existing as vapor in the atmos- 
phere above Mount Whitney; for, since the air-layer between Lone Pine and Mount Whitney is 
but one-fourth of the entire air-mass above the lower station, we remain in comparative ignorance 
of the hygrometric condition of the larger part of the atmosphere. It is conceivable, therefore, 
that a layer of moist air might exist, unknown to us, superposed on the dry one; but when we 
know that for weeks not even the faintest streak of cirrus was visible, such an assumption appears 
most improbable, and we are justified in expecting a comparatively regular decrease of moisture 
with the increase of altitude. I have endeavored, on this hypothesis, to obtain an approximate 
notion of the amount of water contained in the air above Lone Pine and Mount Whitney at the 
time when observations of atmospheric transmission were being made with the spectro-bolometer. 
It will be seen by reference to Plate XVI that the atmospheric conditions were quite different at 
these two epochs. From August 5 to 14 a moist atmosphere prevailed. Olouds, and even a few 
drops of rain, were formed at Lone Pine, where, from the average of observations at noon ovt 
August 11, 12, and 14, the weight of vapor per cubic meter of air may be assumed equal to 10.48 
grammes. 

The greatest dryness occurred from September 2 to 4. During the bolometric observations 
on Mount Whitney of September 2 and 3 the average weight of vai)or per cubic meter at noon 
was 2.05 grammes. Synchronous midday comparisons from August 22 to September 1 showed 
that the force of vapor at Lone Pine was usually about 2.2 times as great as at the lower camp. 
Mount Whitney. With these data the curves in Plate XVII were drawn, in which absciss® repre- 
sent altitudes, and the ordinates give the probable weight of vapor in grams per cubic meter at 
each altitude up to the height where the curves coincide with the axis (at about 20 kilometers) for 
the two epochs.* The areas included between the curves and the ordinates at any two altitudes 
are, then, proportional to the total moisture in the included atmospheric layers. 

The most common way of expressing the amount of water vapor in the atmosphere is to state 
the pressure which it would exert upon a barometric column. As thus determined at a particular 
point in the atmosphere, it is independent of the quantity present in higher or lower strata. If, 
therefore, we would know the total quantity of water vapor in the atmosphere, it is necessary to 



* It 18 believed that the allowauce made for water vapor in the higher atmosphere is not excessive, as a very 
much slower decrement has been observed ou several occasions by Glaisher in his balloon ascents. For example, in 
that of Jaly 17, 1862, Glaisher foand a dew-point of 24^ Fahr., corresponding to a force of vapor of 3.27 mm. at a 
height of 6 kilometerH, the dew-point at the surface of the ground being 55^ Fahr. and the force of vapor 11.00 mm. 
In this instance, a current of warm moist air was superposed over a cold one, and for a short space the usaal decre- 
ment was reversed, but there is reason to believe that this condition is not very unusual. The distribution of moist- 
are daring the Mount Whitney observations, however, was probably more nearly like that foand by Glaisher in his 
third ascent September 5, 1862. (See *< Report of the British Aasooiation for the Advanoement of Soienoe" ioK 1868, 
pages 463 and 468.) 
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make some assumption as to its distribation, which has been done in the above instances by 
assuming all moisture to cease at a height of 20 kilometers, and drawing smooth curves through 
the points of observation. The quantity of water present in the form of vapor in a layer of air of 
a given thickness can be best expressed by stating the depth of liquid water which would result 
from its condensation ; and since a stratum of air 1 kilometer thick, containing, on an average, 1 
gramme of water vapor per cubic meter, would give a liquid layer 1 mm. deep, if the water were all 
condensed, we may conveniently take this quantity as our unit. 
Calling h'" the height above sea- level at which water vapor practically ceases (say, 20 kilometers), 

the height above sea-level of the upper station (Mountain Camp), 

the height above sea-level of the lower station (Lone Pine), 

the average weight, in grammes, of water vapor per cubic meter = millimeters of water 
capable of being precipitated from a layer 1 kilometer thick, 
we have, approximately. 

Liquid layer from atmosphere above Lone Pine = w' (h"* — hf) 

Liquid layer from atmosphere above Mountain Camp = w" (W* — W) 

These quantities, as graphically determined by the method just described, are as follows : 

Above Lone Pine, August 11 to 14 w' (W — ^' ) = 30.6 mm. precipitable water. 

Above Mount Whitney Camp, September 2 to 3, w" (V — h") = 6.0 mm. precipitable water. 

THE CONNECTION BETWEEN ATMOSPHERIC MOISTURE AND GENERAL SELECTIVE ABSORPTION.* 

We are led to believe that water vapor is an efficient agent in modifying the solar radiation 
by three classes of observation : 

First, by comparisons of observations at different seasons. 

Second, by comparisons of observations at different hours of the day. 

Third, by comparisons of observations at different altitudes above the sea-level. 

As an instance of the first, we take observations already made at Allegheny. 

When we compare observations made in the winter with those of the spring, the sun being at 
the same altitude and the air-masses the same, we find certain rays most absorbed when the 
moisture is greatest. Apparently, therefore, these rays are especially cut off by the absorption 
of water vapor or by the action of some substance whose amount varies synchronously with the 
atmospheric moisture and in nearly the same proportion ; or, what is exceedingly improbable, the 
composition of the solar radiation which we receive is itself variable within notable limits. The 
last hypothesis may be dismissed without further consideration, and we shall, for the sake of illus- 
tration and in this preliminary consideration merely^ assume that this part of the atmospheiic 
absorption, which exhibits a seasonal variation, is directly produced by water vapor, and that the 
law of extinction for this substance is the same as that deducible from Melloni's experiments on 
the transmission of lamp-radiation by liquid water. (See " La Thermochrose,^ Table IV, pp. 206, 
207.) By applying to Melloni's figures a modification of Bouguer's formula for transmission, 
y =1^, in which p still denotes the transmission by a layer having a thickness of unity, but in 
which Xj instead of representing the number of such layers, is some function of the thickness, the 
following values of the exponents are obtained : 
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Thickness 

1 


1 
1.00 


2 


3 4 5 


6 i 7 


8 


9 
1.60 


\ 1. 

1.63 

i 


50 
2.27 


100 


ExponeDts — 


1. 16 1. 26 1. 34 

1 


1.40 


• ' 1 
1.46 1.51 1.56 


2.64 



* We here nse tbo word absorption in its most general sense, and intend it, in the absence of a better word, to 
cover every process of reflection, diffusion, or other interruption, by which the ray is hindered on its passage to vs. 
Messrs. Lecher &, Pernter assert that absorption of heat by our atmosphere is chiefly due to carbonic acid associated 
with the vapor of water, and not to the pure vapor itself. For our present purpose, we are not caUed on to aflBrm or 
deny their statement ; for, by vapor of water, in atmospheric moisture, we here mean, it will be noticed, that whatever 
is at all times and places associated in nature with water vapor and varies synchronously with it (if there be sooh 
aseociation), shall be held to be water vapor in our preaent sense. 
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A very similar law of extinction is deilacible from Melloni's observations on the transmission 
of lamp-radiation by rock-crystal, glass, and other substances; and although it would be desirable 
to repeat, his experiments with homogeneous and solar radiations, and tubes filled with water 
vapor, these numbers will, nevertheless, serve to illustrate the luethiMl, which is now merely a 
tentative one. 

Let the coefficient of transmission of homogeneous rays, of wavelength Xj by 1 kilometer of 
water vapor at an average density such that 1 cubic meter shall contain I gramme of water, be 
denoted by Wa; h being the height of station above sea level in kilometers; ^'" the height above 
sea-level (in kilometers) at which water vapor practically ceases; n^i, the depth of water (in milli- 
meters) capable of being precipitated from a layer one kilometer thick, at the average humidity of 
the air-column between h and h^" in winter; w„ the corresponding depth in spring; and Z, Z„ the 
sun's zenith distances at these seasons. Then the seasonal change of transmission, represented 
by the ratio of galvanometer deflections, 

spring (da ) 
winter (di) 

if due to unequal prevalence of water vapor, may be expressed by 



(^a) 



(♦)[ic„ (A'" -h)Bee i„]^(^)[v,,(h'"-h) teo i,] 



or ( TTa), raised to a power whose exponent is the difference between certain functions of the quan- 
tities in brackets, which are here taken from the above table (153). In order to eliminate the 
effects produced by other atmospheric absorbents, which vary as the air mass, it is desirable to 
combine measures made at nearly the same zenith distance, or for which X, and 7/; are as nearly as 
possible identical. Hence we select spring observations, made when the sun was at a distance from 
the meridian, for comparison with winter ones taken at noon. Also, since the earth's distance from 
the sun has changed considerably in the interval, a correction must be applied to eliminate the 
effect of this variation, which is here accomplished by reduction to the earth's mean distance (p=l). 

We have the following data : Winter of 1881, average Z, = 57^ 02' ; sec C, = 1.84. Spring of 
1881, average C,,= 56o 13' ; sec C,;=1.80. Average force of vapor (winter)=2 mm. ; spring=8 mm. 
Average weight of vapor per cubic meter (winter) = 2.20 grammes; spring = 8.23 grammes. 
Average depth of precipitable water (winter) = 7.3 mm. ; spring = 20.3 mm. 

The depths of precipitable water have been obtained by measuring the areas of the curves in 
Plate XVII, which involve assumptions as to the distribution of moisture in the upper air, which 
have already been alluded to. 

The formula by which coefficients of transmission have been calculated, are 

Winter of 1881, ( TTa)^*^ ^^^ ' '^^ = TF^ ^ '* (by Table 153) 

Spring of 1881, ( TFx)^*^ ^^^ ' ^^^ = W ^^(by Table 153) 
and 



(W) 



1.70 



= iW^f'^ = <?2 (spring ) 



di (winter) 



Table 154. 



TransmisHoUy* probably in »ome way connected with atmoepherio moUture. 

[From obaerTAtioiis at different ■eMona.] 



Winter di. 



.375 


192.6 


.400 


363.4 


.460 


570.3 


.500 


767.0 


.000 


724.0 


.700 


527.0 


.800 


338.3 


.900 


215.4 


1.000 


i 178.6 



Spring (ft. 



Winter re- 
duced to 
p=l. 



Sprinff re- 

aaoea to 

p=l. 



W. 



71.6 
110.8 
276.6 
800.1 
480.0 
438.0 
208.6 
101.4 
166.4 



187.6 
853.0 
6611 
747.8 
706.8 
614.0 
820.6 
200.7 
160.0 



72.6 
121.4 
270.6 
374.8 
445.2 
440.0 
802.7 
104.2 
168.0 



.17 
.14 
.27 
.28 
.43 
.75 
.85 
.87 
1.00 



* This table is giren in order that the reader may decide for himself how far atmospheric moistnre inflaenoes the 
Irsnamission of solar radiation. 
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The alxive %'alue« of au atmospheric absorption, dependent in some way upon water vapor, 
<;annot l>e rf;^anle<l as possessing an absolute significance; bnt there seems hai^dly room to doubt 
of the exiMt45nc;e of such an absorption, or of the fact that it increases progressively from wave- 
length 1.^0 u> 0.^4. 

Hm^miWy^ we find on C4>mparing actinometcr observations made in the morning and afternoon 
with espial altitud(;s of the sun, and hence with nearly equal air-masses, that the measured radi- 
ation Is greatest when there is least moisture. 

The very numerous Allegheny observations taken with the same altitude of sun (morning and 
afternoon) are inc^inclusive on this special [K>int, owing to the great irregularities of its sky. The 
independent ones in the clear atmosphere of Ijone Pine and Mount Whitney agree in showing 
that, for the same altitude of the sun and the same air-mass traversed, the total heat absorption, 
as indicated by the actinometer, increases with the amount of water vapor in the air. (The ex- 
tremely minute barometrical change between morning and afternoon evidently cannot account for 
the effect) 

The low n*lative humidity of the desert climate and the almost complete absence of haze or 
cloudini^Hs at all hours of the day render these observations uncommonly well fitted to decide the 
question as to the iiifiuence of the absolute humidity upon atmospheric absorption, since they are 
freest from all complications which the capricious skies of moister climates introduce. It must, 
however, be remembere<l that we are here concerned with the entire quantity of moisture con- 
tained in the atmosphere above the place of observation. 

Hoth at Lone Pine and Mount Whitney the morning readings with the actinometer surpassed 
those taken in the afternoon with the same altitude of the sun (see Fig. 11). The discrepancy 
was, however, relatively greater for the mountain observations. The same thing has been noticed 
by other observers, and it is presumed that the effect is due to the increase of the absolute 
quantity of moisture in the uplier atmosphere, produced by evaporation at the earth's surface 
with subs(*quent ascension of the water vapor by diffusion or convection currents, an increase 
wjiich goes on as long as the sun shines. 

At the earth's surface the law of diurnal variation of atmospheric moisture is different for 
land and sea, and is affected by various local causes. Thus on the arid desert around Lone Pine 
the vapor tension rises for the first hours of the forenoon, attaining a maximum at about 9 a. m. It 
then decreases until the hottest part of the afternoon (about 3 p. m.), after which it again increases 
until sundown. During the night the water vapor decreases until midnight, after which it remains 
constant until the rising of the sun again sets in action the process of distillation and diffusion. 
This diurnal variation is characteristic of an arid climate on the ])lains, and, according to Blanford 
(^<The Indian Meteorologist's Viule-Mecum," p. 110), ^< it probably depends on the ratio between 
the rate of p oduction of vapor on the one hand and its rate of removal on the other; the rate of 
diffusion varies as the square of the absolute temperature, and therefore by diffusion alone the 
removal of vapor will be accelerated, at least in that proportion as the temperature rises; while 
from a dry land surface, with little vegetation, the production of vapor may not increase even 
.directly as the tempemtnre; nay, may even fall after the more superficial moisture has been dissi- 
pated.'' 

In the upiKM* atmosphere, on the other hand, there is usually a gradual increase of moisture 
during the day, lis is evident from Table 151 and an inspection of the lower curve. Fig. 16, showing 
force of vapor on Mount Whitney. ^^That the humidity of the cloud-forming strata of the atmos- 
phert't and in all probability the tension of vapor at comparatively moderate heights do not follow 
the siime law of diurnal variation as in that stratum which rests immediately on the earth's 
8urfaiH>, may Ik^ inferrtnl conclusively from the observed diurnal variation of the cloud proportion 
and of the fhH]ueney of rainfall." (Ibid, p. 110.) 

At Calcutta niinfall is most frequent from 1 to 3 p.m. Loomis ^^ found a decided diomal 
inequality in the rainfall at Philadelphia, showing a maximum about 6 p. m." (American Journal 
of Science, vol. CXI, p. 7.) He quotes from Kreil the results of ten years' observations at Pragae, 
showing a maximum al>out 4 p. m. 

The psyehrometer observations on Mount Whitney were not sufficiently numerous to give any 
very reliable information concerning the diurnal variation of moisture at that high altitode ; but, 
so far as tliey go, they indicate an increase of water vapor throughout the day. 
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If the want of symmetry between the two halves of a dinrnal carve of radiation is thus dae 
to the increase of moisture in the upper air with the hour of the day, it should nearly disappear 
in the cold winter weather when the absolute quantity of moisture becomes minute, and the evap- 
orating power of the sun is diminished. This is what M. Crova has found. He says: 

^^ During the winter beautiful days may be encountered at Montpellier, in which a series of 
observations can be continued under good conditions from morning to evening; * * * in these 
ciises the horary curves of calories may present a symmetry so nearly complete that we may, with- 
out sensible error, consider it as perfect.'' 

On the other hand, the almost constant character for summer days, he says, is a want of sym- 
metry. The curves are ^^ hardly ever symmetrical with relation to the ordinate which passes 
through true solar noon; they are generally more regular after noon than in the morning; the 
maximum is attained before midday, and the tangent at true solar noon inclines toward the after- 
noon." ("IVKsure de I'iutensit^ calorifique des radiations solaires," p. 50.) 

The diminution in the solar radiation penetrating our atmosphere after midday cannot be 
accounted for by any assumption of instrumental error; let us then consider it to be the effect of 
increased absorption by the vapor of water, and, assuming that the mountain observations give a 
fair approximation to the variation of moisture for the entire atmosphere, let us calcnlate the 
absorption produced by water alone. If this value should be found to agree with that obtained 
by other processes, it would lead confirmation to these, though in itself it cannot ]>reteiid to the 
possession of great accuracy. 

The following figures giving values of solar radiation and atmospheric moisture are taken fi'om 
smooth curves representing average results at Mount Whitney. 

Sun 4 hours from meridian; © decln.= + 10O; zenith dist.=60O; sec C=2. 



Solar rftdiation caloriea. . 

Force of vapor miUimeters . 

Preclpitable water do 



A.M. 

1 


P. M. 


1.86 
1.98 
0.4 


1.72 
2.53 
8.1 



from these 

and determineil as before the values of (^) [u?(V— A) sec C] by table 153 

log ( W) (^> li62]-(f) [12.8] =_.0339= tr «». log tr=~.0339 -^ .068=^.4985 1V=.3174. 

Here W is the coefficient of transmission for the entire or complex solar radiation. 

Thirdly, some agent present in the air between the top and bottom of the mountain causes a 
greater absorption of heat, for a given air-mass at the lower station, than is produced by the same 
air-mass above the mountain (see Fig. 10). We know of no conspicuous agents which make the 
constitution of the lower air differ from that of the upper except water vapor and dust, and we do 
know that there is more of both in the same air-mass below than above. We will confine our 
present attention to the water vapor, and procee<l as if it were the only agent. 

Considering for example the difference in the radiation observed at Lone Pine and and Mountain 
Camp with an air-mass of unity we have the following data. Radiation (average): Lone Pine 
1^=1.75 calories; Mount-ain Camp, r^'^1.91 calories. Approximate depth of precipitable water: 
Lone Pine, 13.7 millimeters; Mountain Camp, 6.0 millimeters. 

Determining the values of the exponents by table 153 we have— 

(W) <♦) 113-71 -1- ( W) <^) C«.« =;;; —.916 log ( W) 0-2*= — . 0381 W = .6937 

We now proceed to the comparison of homogeneous rays in the si>ectrum as measured by the 
bolometer at Lone Pine and Mountain Camp, in order to determine how these results are affected 
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by the agent in question. Here, on account of the limited number of measurements, we are obliged 
to compare observations in which both the air-masses and the transmission of the unit of mass have 
changed, since the meteorological conditions have altered in the interval, as described on page 
183. We must therefore consider not only the air between the stations but also that above the 
level of the higher. We may express the change in that portion of the transmission which is 
affected the aqueous components of the atmosphere by 

( Wx) <*> f"^ {h'"-'h') aec C']—(^) [W (h"'-h") sec <"J 

where, however, the transmission is that pertaining to the difference of water masses above the 
stations and not necessarily to the water included between the stations. Besides this, as we have 
just said, there is a certain part of the absorption produced by atmospheric constituents, other 
than water, whose mass has also changed. At present, we are unable to separate these effects, 
and shall here provisionally consider the second part negligible. 

To compare mountain observations on certain days with hypothetical valley results obtained by 
reducing those of other days by an arbitrary rule, which does not take into account the variation 
of the aqueous component of the atmosphere in the interval, can only lead to imperfect results. 
The form as well as the area of the energy curve has been changed by the new conditions of absorp- 
tion,-and both must be preserved for the present purpose. 

The determinations of the energy of homogeneous radiations made with the spectro bolometer 
having only a relative value, the energy curves, drawn with these figures, must have their area 
adjusted to correspond with the more reliable indications of actinometric instruments, as is described 
elsewhere. For the present purpose, the ratio of measurements, made with the pyrheliometer on or 
near the dates of bolometric work, has been adopted as the criterion for bolometric reductions. 

Below is given the solar radiation as determined by a water pyrheliometer, uncorrected for 
non-conductivity or loss by convection or imperfect absorption. The application of these correc- 
tions is here unnecessary, since we wish merely the ratio of measurements made with one and the 
same instrument. 

At Lone^Pine the radiation registered at noon, August 11, 1.253 calories; August 12, 1.144 
calories; August 14, 1.225 calories; mean, 1.207 calories. 

No pyrheliometer observations are recorded on September 2 or 3; but it is fair to assume that 
those made on September 1 and 5, under almost identical circumstances, furnish a close approxi- 
mation to the results that might have been obtained on the former dates. 

At the Mountain Camp the pyrheliometer gave at noon September 1, 1.447 calories; Septem 

ber 5, 1.462 calories; mean, 1.455 calories. 

1 455 
The areas of the energy curves have therefore been made conformable to the ratio -l__= 1.206, 

1.207 ' 

and the resulting ordinates are given in the second and third colums of the accompanying Table 155. 
The values of sec C were, for Lone Pine, 1.08; for Mount Whitney, 1.15. And the exponent 
of Wky becomes: 

{<p) [30.6 X 1.08] -(^) f6.0xl.15J 

which is equal to 

2.05-1.51=0.54 

by Table 153. The fourth column of Table 155 contains the coefficients of transmission, according 
to the assumption that the entire absorption is aqueous, computed for an amount of water vapor 
which, if condensed, would produce a layer 1™™ deep. In this result is included the effect pro- 
duced by the layer of dry air between the stations, which is here provisionally assumed to be 
negligible. 

This table is inserted in order that the reader may compare the results with those furnished 
b3' observations at different seasons and judge for himself how far atmospheric moisture may be 
considered to have affected them. 
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Table 155. 

TraMmissioH (po9$ibly in ttome way connected with atmo$pkeric moiiture) from ohierraHom made at different altitndee. 



.350 
.375 

.400 
.450 
.500 
.600 
.700 

.aoo 

1.000 
L200 



Mount ! Lone 
Whitney. Pine. 



W. 



43.1 
47.3 
77.2 
187.8 
340.0 
260.3 
231.6 
172.0 

ioa2 

77.8 



25.1 

28.4 

50.1 

110.6 

153.0 

201.0 

191.1 

155.5 

100.2 

76.4 



37 
39 
45 
37 
42 
58 
70 
83 
87 
97 



We may succinctly repeat liere with special reference to oar third and present argument what 
has been already given in another connection. 

The observations just cited are made by the pyrheliometer on the heat rays as a whole. 

The observations with the spectro bolometer discriminate between different spectral rays, and 
if they were numerous enough would show, by the ex)mpan8on of those taken at Lone Pine and 
Mount Whitney camp, what p^irticular rays the action of this water vapor has m(»st affecteil. 
Unfortunately, the observations w||h the spectrobolometer, under the difficulties of the expedi- 
tion, are too few to settle so delicate a point as the one immediately in question. They do, how- 
ever, bring independent testimony to the fact that in proportion to the presence of water vapor 
the heat radiation as a whole is diminished: and they give some indication, though not a conclu- 
sive one, as to the particular spectral rays which it has most nft'ected. 

We, draw, then the general deduction from all our preceding arguments that the previous 
comparisons, whether made between observations tAken at different seasons of the year, at differ- 
ent hours of the day, or at different altitudes above sea-level, all point to the same conclusion, 
namely, that there is a large absorption of solar radiation which depends upon and increases with 
the prevalence of atmospheric moisture (as we have defined the word), and that this effect is most 
marked for the rays of short wavelength. 

We shall not attempt to deduce any absolute values of aqueous transmission from the above 
measures. 



CHAPTER XIX. 



BAKOMBTRIC UYPSOMBTKY. 

INTRODUCTION. 

The instrumeuts used by the expedition in the barometric work were the three Signal Service 
barometers Nos. 1890, 2018, and 1935, the errors of which have been found to be +0.002, +0.002 
and — 0.008, respectively. 

It was the intention, on leaving one of these instruments at Lone Pine, to establish a series of 
simultaneous readings at Mountain Camp and the Peak of Whitney with the other two. One of 
the barometers ( 1935) being injured, however, in its transit to Mountain Gamp, synchronous observa- 
tions between that point and the Peak were necessarily rendec^l impossible. Simultaneous obser- 
vations were therefore obtained only between Lone Pine and Mountain Camp, and between Lone 
Pine and the Peak. 

The persons engaged in barometric observations, with their initials as used for abbreviations 
jn the tables, were thr following: Capt. O. E. Michaelis, U. S. A. (O. E. M.); Sergeant J. J. 
Nanry, IT. S. S. S. (J. J. N.); Sergeant A. C. Dobbins, U. S. S. S. (A. C. D.); Corporal H. La- 
nouette, U. S. A. (H. L.); and Mr. J. E. Keeler, Allegheny Observatory (J. K. K.). 

The very trying observations at the Peak are due to Captain Michaelis, and Mr. J. E. Keeler, 
who volunteered this service, as well as to Sergeant Nanry. 

A series of special trihourly observations had been organized for comparison between Lone 
Pine and the Peak, which was carried out efficiently at the former station by Sergeant Dobbins 
and Corporal Lanouette, who volunteered their services for this extra duty. It was found impos- 
sible to continue the same tri-hourly observations at the Peak without lire or shelter. From the 
eighteen observations obtained there, it will be seen, however, that if all are not absolutely syn- 
chronous with those at I^one Pine, all are so nearly so, that they may be treated as such, without 
sensible error, when we have interpolated values between the closely contiguous actual observa, 
tions. 

In the tables following, the original readings of the barometer are given for the three stations, 
with a synopsis of each set, as well as of the temperature and relative humidity, since the latter 
enters into the hypsometric formula of Bessel, employed in the reduction. 

The altitude of Lone Pine above the sea level was first obtained by comparison with the stations 
of San Diego, and San Francisco on the sea-coast. Subsequently, through the courtesy of Mr.. 
George Davidson, the value for Lone Pine was separately given from the levelings for the proposed 
Carson and Colorado Eailroad through Inyo Valley.- The heights of Mountain Camp and Whitney 
Peak are then severally referred to Lone Pine. 

The general arrangement of the tables may be stated as follows: (1) Summaries of barometric, 
thermometric, and relative humidity readings at San Diego and Sau Francisco; (2) the same for 
Lone Pine; (3) the same for Mountain Camp ; (4) the same for Peak of Whitney. 

In the reductions the formula adopted is that of Bessel, with Plantamour's modifications in 
the values of the barometric constants, but others have been used for comparison. 

This formula, as adopted by Guyot (Smithsonian Tables, D, p. 75), is as follows: 

Tj, u [l^_5A-l^g ^'J _>< ^^^-^ X (1 + iTT) 
^ —^ - [1-0.0026257 cos <p ] x [397.25-: iCT]^ 

1 

(397.25 — jnOV^B' 
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JT= 



H' = 



where the various quantities have the followiug signification : 
h = the elevation of the lower station, and 
V= the elevation of the upper station, 
r = the radius of the earth. 
rk 
r + h 

B = atmospheric pressure at lower station. 
B'^ atmospheric pressure at upi>er station. 
L = constant barometrical coefficient depeu'ling on tlie relative density of the mercury 

and the air. 
ITs the coefficient of the expansion of the air. 

r=. the mean temperature of the layer of air between the two stations. 
a = relative humidity at lower station. 
a'= relative humidity at upper station. 
<p = mean latitude of the two stations. 
The formula was applied by means of Plantamour's tallies, as given by Guyot. 



I.— LONE PINE. 
• Table 156. 

CampariBon of meam between sea-lerel and lAtne Pine. 
\ M6MI8 of the 12^ 35" and 8^ 15" p. m. observations from Augnst 17 to September 8. ] 





Atmospheric 
pressure. 


Sba-lbvbl. 

12* 85- p. m 

8 15 p. m 


In. tnnft. 
29.034=780.21 
29.900=758.70 , 


LONK PlMB. 




12* 35- p. m 

8 15 p.m 


683.29 
882.50 



Temperatore. 



OF. o C. 
88.85=10.33 
80.]7=15i87 



28.78 
18.80 



RelaUve 
hamidity. 



0.845 
0.810 



0.171 
0.301 



Applying Bessel's formula to these data we obtain from mean 12.35 p. m. observations, 
3,921.50 feet; from mean 8.15 p. m. observations, 3,843.65 feet; general mean, 3,882.57 feet. 

Table 157. 



ReeulU obtained bjf Hazen's tables* for oomparieon, 

(Compoter. F. W.V.J 



Dtte. 



ResaltA. 



Date. 



12* 35- p. m. ' 8*15»p. m. 



Resnlta. 



12* 35* p. m. 8* 15- p. m. 






1881. 


Fut. 


Fm<. 


Aqk. 17 


3020 


3005 


18 


3800 


3800 


I'l 


3820 


3710 


20< 


3800 


3820 


21 


3880 


3700 


22 


3845 


3750 


23 


3875 


3815 


24 ; 


8040 


3015 


25 1 


3940 


3800 


28 


4140 


4080 


27 


3830 


3780 


28 1 


3005 


3855 


20 


3060 


3005 



1881. 
Aug. 80 



Fe4L 



.J 



Sept. 



31 

1 ; 

2 I 

J! 

5 
6 
7 
8 



Sams.. 
Means. 



3600 
8806 
3020 
4020 
3900 
3880 



8720 
8796 



FmC. 
3790 
379D 
3880 
3885 
3940 
3835 
3770 



3825 



85725 



84050 



3898.8±15.3 3820.44:20.5 



General meaD =3869.8^36.0. 
* Profeasional Papers of the Signal Service, No. VI. 
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II.— MOUNTAIN CAMP. 
Table 168. 

Iletult* by Besttl'$ formula. — Altitude above Lone Pine. 

[Computer, A. B. S. | 





Results from observatioDs at — 


Date. 






_. ^. . 




8^ 15- a. m. 


12* 35- p. m. 


8"' 15- p. m. 

1 


1881. 






1 

1 


Auir. 22 




8037.7 


7729. 2 


23 


7935.3 


8022.0 


7734.2 


24 


7904.0 


8000.0 


7781.7 


26 


7676.6 


7990.4 


7733.0 


26 


7830.7 


7969.0 


7713.9 


27 


7646.9 


8088.5 


7712.7 


28 


7907.8 


7998.3 


7670.7 


29 


7910. 7 


7994.4 


7679.5 


30 


7959.3 


8052.8 


7732.5 


31 


7925.2 


8028.6 


7681.7 


Sept. 1 


7891.4 


7996.2 


7683.8 


2 


7866.8 








! 1 


Sums 


86454.6 


88177.9 


84852. 9 


MeftDB 


7869. 6 ±17.1 


8016.1 ±6. 4 


7713. 9 ±6. 3 



General mean, 7864.6 ± 102.0. • 

As the reader will observe, the great probable error in the general mean arises from the coiu- 
binatioii of observations at dififerent hours, and which separately considered have, relatively^ 
small errors. 



Date. 



1881. 
Sept 2 

S 

4 
5 



III.— THE PEAK OF WHITNEY. 

Table 159. 

ReiuUs by Bei$eV$ formula, — Altitude above Lone Fine. 

[Computer, A.B.S.] 



Local mean 
time. 



6* 00- p. m. 
9 00 p.m. 
MidniKht. 



3* 


00- 


'a. m. 


6 


00 


a.m. 


8 


15 


p.m- 


8 


30 


a.m. 


12 


40 


p. m. 


5 


07 


p. m. 


6 


30 


p. m. 


8 


20 


p.m. 



Resnlte.* 



Feet. 
10659.37 
10683.85 
10923.00 
10683.85 
10673.84 
10739.60 
10970.80 
11238.80 
10903.00 
10769.90 
10823. 40 



Date. 



1881. I 
Sept 5 

6 



Local mean 
time. 



10 22 p.m. 
MidniKbt. 
1* 00- a. m. 
3 00 a.m. 
6 00 a.m. 

8 17 a. m. 

9 00 a. m. 



Results. 



Feet. 
10654.00 
10643.40 
10544.90 
10549. 30 
10557.70 
10934.10 
11025.90 



Sum ' 193974.71 



I Mean. 



10776. 30 ±27. 4 



The special mean of the first five results (which meet all requirements, inasmuch as those 
observations are exactly synchronous with the corresponding trihourly ones at Lone Pine), with 
its probable error, is 10724.7:1:29.8, and giving this last value double weight, we have: Final 
mean, 10762. 



Mm. 



€61 






^ 










• 




















6€3 






« 




\ 




■ 






Lone Pin« 








\ 




« 




/ 


662 


. 














y 
















\^ 


y 




6Cl 
5*2 
































• 


- 




MountBtn 


3amp 


/ 


^-^ 






"■ ''-^. 


*^.^ 








,.^-- 










• 




501 










■ 











h4ION. 



3AM 



GAM 



9 AM 



NOON 



3PM 



6PM 9PM 

-A.B.S. DA- 



MI DN. 



PLATE XVIII. 

Diurnal Variation of the Barometer. 
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Table 160. 

Special results obtained by Loomis'e tables for comparison, — Altitude of Whitney Peak above Lone Pine, 

[Computer, J. £. K.] 



Date. ^*\^^^° JKeanlts infect. 



1881. 

S«^pt. 2. 9* 00" p.m. 10279.0 

3. 6 00 a.m. 10305.5 

5.1 8 30 am. , 10709.5 

; 12 40 p. m. ! 10983. 

8 20 p. m. 10528. 7 

6. 8 17 a.m. ! 10219.3 



Sum t 63025.0 



Mean... ' 10504. 2±74. 3 



In order to comx>are the different bypsometrical formulae in use, the same data, obtained by 

observations on the same day and at the same hour, were reduced by the various methods. 

The following table of results obtained will show the variation due to the different manners 

of treating the material: 

Table 161. 

Reductions of ningle ohserratians September 2, 1881 (9 p, m.). — Altitude of Whitney Peak altote Lone Pine. 

t 

Resultfl. Methods. Computers. 



10683.8 Bessel's formula A. B. Schans. 

10674. 9 , En^neer's Prof. Pap. No. 12 . . . Do. 

10435.7 Delcros'H tables Do. 

10550.4 Gnjot's tables Do. I 

10279. Loomis's tables (Pr. Astr.) I J. £. Keelor. i 

10519. 5 Loomis's tables (Smiths. Coll.) . . A. B. Sohanz. 

10489.3 Dippe's tables Do. 

10506.0 Bailey's tables I Do. 

A point worthy of notice is the fact that the results from observations made at different times 
of the day by no means agree. If, for example, we take the reduction of Mountain Camp observa- 
tions by BessePs formula, we have for the 8.15 a. m. observation the mean altitude above searlevel 
(11 results) 11,709±17 feet; for the 12.35 p. m. observation, the mean (11 results) 11,866±6 feet; 
for the 8.15 p. m. observation, the mean (11 results) 11,563±6 feet (with the assumption Tione Pine 
altitude=3,850 feet). 

From our tables of relative humidity we see that both at Lone Pine and Mountain Camp the 
percentage of saturation is at a minimum at noon, while the morning reading is between the noon 
and evening readings. It might, therefore, be suggested that the relative humidity, besides its 
primary effect on the results, had a secondary influence due to its diurnal variation. In order to 
test this vpossibility, the means of the morning, noon, and evening observations at Lone Pine and 
Mountain Camp were again reduced by another method, viz, Hazen's table extended (Professional 
Papers of the Signal Service, No. VI).* The results came out : For 8.15 a. m., assuming the height 
of Lone Pine to be 3,850 feet, altitude of Mountain Camp above 8ealevel=ll,625 feet ; for 12.35 p. 
m., 11,775 feet; for 8.15 p. m., 11,450 feet. 

It becomes immediately apparent that these quantities, though separately less than the corre- 
sponding numbers above, bear almost exactly the same ratio to one another as the results by Bes- 
sel's formula, although Hazen's formula has no term depending on the humidity. It is therefore 
very possible that the temperature and relative humidity, though they must be taken into account, 
are not taken into account in the best way in our formulae. The investigation of this problem is 
not, however, part of our purpose. 

Another observation made in this case, as often before, is the small scope of the diurnal 
variation of the barometer on the top of a mountain in comparison with that at its base. This is 
readily shown by examination of Plate XVIII. 

* This table depends on a formula developed by Professor Angot, but modified by Hazeu, from the results of 
observations at high and low stations. 
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Still another fact is brought oat very promineDtly when the parallel series of observations at 
Lone Pine and Mountain Camp are plotted together, namely, that on the mountain the principal 
maxima and minima of atmospheric pressure fall from 6 to 10 hours behind the corresponding 
periods at Jjbne Pine. In general, the maxima appear to be less retarded than the minima, and 
the mean of 15 comparisons indicates that the retardation for a maximum amounts to one hour for 
an elevation of about 1,500 feet, while the minima fall an hour behind when the elevation is bat 
800 feet. Loomis (American Journal of Science, CXYII, p. 11) concludes from his comparisons, 
^Hhat over the United States both maxima and minima of atmospheric pressure generally occur 
first near the surface of the earth, and they occur later as we lise above the surface, the retarda- 
tion amounting to one hour for an elevation of from 900 to 1,300 feet.'^ Here, however, Professor 
Loomis is referring to those larger maxima and minima which accompany storms. It is interest- 
ing to note the similarity of the phenomenon in both the larger and the smaller atmospheric liuc- 
toations. 

The following letter was subsequently received, further comments being superfluous: 

Davidson Observatory, 

San Francisco, October 25, 1883. 

Mt Dear Sir: Following np one trail and another, I am able t« answer yonr qnestion about the height of 

Lone Pine. 

The top of the rail at Lone Pine station of the Carson and Colorado Railroad Company is 3,760 feet above 

the sea. 

Yoars, very truly, 

GEORGE DAVIDSON. 

If, therefore, we take the altitude of Lone Pine from barometric determinations, we have the 
altitude of Mount Whitney 

10,702 feet+3,883 feet=14,645 feet 

while, with the above value from recent railroad levelings furnished by Mr. Davidson, of the Coast 
Surv^ey, we have the altitude of Whitney Peak 

10,762 feet +3,760 feet =14,522 feet 

The discrepancy between these two values is not at all surprising when we consider the 
distance from the ocean and the intervening elevations, but the latter value is probably the more 
trustworthy. 

The adopted results, then, arrived at by this department of the reductions are 

Feet 

Lone Pine, above sea* level 3,760 

Mountain Camp, above sea-level 11, 625 

Whitney Peak, above sea-level 14,522 

Former results obtained for the height of the Peak are those of 

Whitney 14,898 

Captain Wheeler 14,448 

Table 162. 



Date. 



1881. 

Auk. 17 
18 
19 
20 
21 
23 
23 
24 
25 
20 
27 
28 
29 
30 



Summary of barometric readings at San Diego and San Francisco, 
[Kednced to sea-IeTol. Observers, United States Signal Service. Compater, A. B. S.] 



12* 35- p. m. 
Lone Pine M. T. 



8* 15" p. m. 
Lone Pine M. T. 



San Fran- 
cisco. 



30.046 
30.004 
29 996 
30.015 
29.968 
29.961 
29.991 
30.046 
30.111 
30.183 
30.100 
29.968 
29.941 
30.010 



San 
Diego. 



29.947 
29.908 
29.895 
29.897 
29.917 
29. 915 
29.923 
29.928 
29.990 
29.980 
29.885 
29.863 
29.909 
29.971 



Mean. 



29.996 
29.956 
29.945 
29.956 
29.942 
29.938 
29.957 
29.987 
30.050 
30.081 
29.992 
29.925 
29.925 
29.990 



San Fran- 
cisco. 



30. 013 
29.966 
29.989 
29.966 
29.913 
29.939 
29.953 
29.995 
30.045 
30.120 
30.033 
29.934 
29.928 
30.015 



San 
Diego. 



29.924 
29.980 
29.903 
29.900 
29.895 
29.904 
29.897 
29.948 
29.990 
29.923 
29.810 
29.875 
29.885 
29.900 



Mean. 



29.968 
29.973 
29.946 
29.933 
29.904 
29.921 
29.925 
29.971 
30.017 
30.021 
29.921 
29.904 
29.906 
29.987 



12* 35» p. m. 
Lone Pine M. T. 



8* 15- p. m. 
Lone Pine M. T. 



Date. 



1881. 

Aug. 31 

Sept 1 

2 

3 

4 

• 5 

6 

7 

8 



San Fran- 
cisco. 



30.038 
29.981 
29.954 
29.973 
29.755 
29.739 
29.880 
29.979 
29.921 



Sams 



Means 



San 
Diego. 



29.958 
29.858 
29.836 
29.804 
29.754 
29.733 
29.838 
29.832 
29.877 



Mean. 



29.998 
29.919 
29.895 
29.888 
29.754 
29.736 
29.859 
29.905 
29.899 

688.493 

~29.934 



San Fran- 
I Cisco. 



29.981 
29.981 
29.983 
29.883 
29.067 
29.701 
29.900 
29.928 
29.889 



San 
Diego. 



29.898 
29.817 
29.836 
29.765 
29.746 
29.704 
291881 
29L813 
29.829 



Mean. 



29.989 
29.874 
28.884 
29.824 
29.706 
29.7CS 
29.880 
29L870 
29.8S0 



087.906 



29.908 
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Table 163. 

^ummarv of temperature and rtlative kitniditjf at San Diego aid San Franoitoo, Cat. 
[ObMrren, Unlt^SUtMSlKDaJSetTlM. CompaMr, A, B. 8.) 

121 W p.m. I » IS- p.m. 



BeUtln homldltr. 



KeUUn humidity. 



elSr' 8MlDl»go.l Meu. 



' Su Dlega. Uf u. 



Bui DioKO. Mum. 



'' SwDitiia.' Umm. 



PirO. IPtrO. 



M 03.0 





70 


T8 
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Table 164. 

Baromttrie obtmaliont at Lone Fine. 

>lS«niG«. Correction =+0^.00!. OlHrver.A.i 



D. Compnlw, r.W.T.) 
OriKiul. 
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Table 164. 

Barometric obmratiotii al Lane Fine— Cou tinned . 



I ji 



11 ( 



si 

lit 



ms4« — ,■ 

M. It: SB. !«. I 
»in5 83. 26.077—1 



!«.I7« «M.8S :i Srpt. 4 



a.iM 



20. IM ' 



■. m. 2«.ia2 7i<.e M.VI 
■OmltUdoDHXxniDlat 



iiT a.9er ' 























































































2ft 351 




MLJSa 


-.117 


M.238 


fl«ftS8 




































































































f::S: 






M.313 






«M.S1 

















1 of PrafeHor Luigle;. 



JMe. S^lS-k-m 



^MMMory of Lone Pine barometric rtadingi. 
&«eiiDgt>oi°t>i"l(am[llinietcn. Obseirer, A. C. D. Computer.F. V.T.) 
I'as-p.m. e^tS-p.m. Itate. S' l.-i- a. m. II* 35>p.m. S^ 1l»-p.ii) 



Ml. 48 

BW.OT 
Ml. 38 



«M.SI 

e64.7i 

M2.17 

ess! 78 


682.8! 
880.82 
6&g..17 


'688.48 

680.88 

658.08 

68&.S7 


8*8.24 


66ft 36 
864.81 




14S7T.01 
862. W 


IS28S.17 ; 


14682.48 
663. It 


«W.T5 



( of Lone IHue Ikeraumelrical and tiygromtlrioal obfrrmftonii. 
lObnrvcr. A.C.D. Conpatcr. F. 1^.7.1 

ReUtiT* bQmiditT by Dr 



SmlUraonlu Ublw. 
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Table 167. 

Speciul tri'hourljf obaervationa of barometer No, 1890 — 8. S, StatioNf TjOite Vine. 



OriginaL 



Barometer. 



Date. 



Local time. 



Observer. 



Raromeier -A-ttached Correcte<l Correction Reduced Kedaced 
FMdinff ^^**"°"™^ for instru- for tem- to freezing tomillime- 
•• ter. ment error, pcrature. tw»lnt t^r*. 



point. 



tern. 



1881. 
Aug. 



15 

15 

15 

15 

15 

16 

16 

16 

16 

16 

16 

16 

16 

17 

17 

17 

17 

17 

17 

17 

17 

18 

18 

18 

lA 

18 

18 

18 

18 

19 

19 

19 

19 

19 

19 

19 

19 

20 

20 

20 

20 

20 

20 

20 

20 

21 

21 

21 

31 

21 

21 

21 

21 

22 

22 

22 

22 

22 

22 

22 

22 

23 

23 

23 

23 

23 

23 

23 

23 

24 

24 

24 

24 

24 

24 

24 

24 

25 

25 

25 

25 

25 

25 

25 

25 

26 



Noon .... 
3 p. ui.... 

6 p. ui 

9 p. m 

Midnight 

3 a. m 

6a. m 

9 a. m 

Noon .... 

3 p. ni 

6 p. in 

9p.ni 

Midnight 
3a. m.... 



6 a. ni.... 
9 a. m.... 

Noon 

3 p. m . . . . 

6 p. m 

9 p. m 

Midnight 

3a. ui 

6 a. m 

9 a. m 

Noon 

3 p. m . . . . 

6 p. m 

9p. m 
^ndnight 

3 a. m 

6a. m 

9 a. m — 

Noon 

3 p.m 

6 p. m 

9p. ni 

Midnight 

3 a. m 

6 a. m 

9 a. m 

Noon 

3 p.m 

6p. m 

9 p. m 

Midnight 

3 a. m 

6a. m 

9 a. m 

Noon 

3 p. m — 

6 p. m 

9 p. ni ... 
Midnight' 
3 a. m 



H.L. 
A. C. 
A. C. 
A.C. 
A.C. 
H.L. 
A.C. 
A.C. 
H.L. 
A.C. 
A.C. 
A. C. 
A.C. 
A.C. 
A.C. 
AC. 
ILL. 
A.C. 
A.C. 
A.C. 
A.C. 
A.C. 
A.C. 
A.C. 
A.C. 
A. C. 
A.C. 
A.C. 
A.C. 
A.C. 
A. C. 
A.C. 
A.C. 



1). 
D. 
D 
D. 



D 
I). 



I). 

D. 

D 

D. 

1). 

D. 

1) 



A. 
A. 
A. 
A. 
A. 
A. 



C. 
C. 
C. 
C. 
C. 
C. 



A.C. 
A. C. 



A 
A 
A 
A 
A 
A. 



C. 
C. 

c. 
c. 
c. 
c. 



A.C. 
H.L. 
A. C. 
A.C. 
H.L. 



D. 

D. 

I). 

1). 

I). 

D. 

D. 

D. 

D. 

D. 

1). 

D. 

D. 

D. 

D. 

D. 

D. 

D. 

D 

I). 

D. 

D. 

D. 

I> 

I>. 

I). 

D. 

D. 

D. 

I). 

D. 



D. 
D. 



6 a. m... 
9a. m.... 

Noon 

3 p. m 

6 p.m... 
9p.m - 
^dnigbt 

3 a. m 

6 a. ni 

9a. m 

Noon 

3 p.m 

6p. m 

9p.m 

Midnight 

3 a. m 

6 a. m.... 

9 a. ra 

Noon 

3 p. m 

3 p. m 

9 p. m ... 
Midnight 

3 a. m 

6 a. ni — 

9 a. m 

Noon 

3 p. m 

6 p.m 

9 n.m 

Midnight 
3a. m 



A.C. 

AC. 

A.C. 

H.L. 

A.C. 

A.C. 

A.C. 

A.C. 

A.C. 

A.C. 

A. C. 

H. L. 

A.C. 

A.C. 

A.C. 

H. L. 

H. L. 

A.C. 

A, C. 

H. L. 

H. L. 

A.C. 

A.C. 

A.C. 

A. C. 

A. C. 

A. C. 

U. L. 

H. L. 

A.C. 

A.C. 

A.C. 

A.C. 



D. 
D. 
D. 



D. 

D. 

I). 

I) 

I), 

n. 

I) 



I) 
D 
U. 



]) 



I) 

I). 

I). 

D 

D. 

I) 



D 
D. 
D 
D. 



Inrhfft. 
26.230 
26. 132 
26. 112 
26. 142 
26. 134 
26.120 
26. 169 
26.298 
26. -70 
26. 194 
26.183 
26. 204 
26.200 
26.178 
26. 216 
26. 334 
26^310 
26.232 
26.198 
26. 191 
26.102 
26. 180 
26.221 
26. .332 
26. 312 
26. 246 
26.236 
26. 235 
26. 244 
26. 254 
26. 304 
26.404 
26.388 
26. 314 
26. 303 
2a 272 
26. 270 
26.254 
26.300 
26.390 
20.3,'iO 
26. 271 
26.226 
26.230 
26.220 
16. 206 
26. 241 
26.350 
26.320 
26.236 
26.206 
26.200 



'> Fahr. 
96.5 
87.0 
89.9 
74.5 
65.5 

:^.o 

49.5 
^»2.8 
92.3 
Wl.0 
86.0 
73. 5 
04.0 

52. 4 
51.0 
K9.5 
91.6 
85.5 
84.0 
W.O 

r»/. 5 

51.8 
52.5 
8a6 
94.5 
86.6 
87.2 
62.1 
.54.8 
52.0 
53.2 

98.6 

87.5 

88.8 

62.0 

57. 4 

52.9 

55.5 

91.0 

99.0 

90.1 

85.0 

71. 

63 

56. 

56. 

92.8 

99 

91.5 

89. 5 
76.0 




2 
5 
5 



Inehe*. 
26. 232 
26. \U 
26.114 
26. 144 
26. 1.36 
26. 122 
26.171 
26. 300 
26. 272 
26. 196 
26. 185 
26. 2(« 
26.202 
26. 180 
26.218 
26. :t36 
26. 312 
26. 234 
26.200 
26.19:* 
26. 194 
26. IK! 
26.223 
26.334 
26.314 
26.248 
26.238 
26. 237 
26. 246 
26. 2.56 
26.306 
26.406 
26.390 
26. 316 
26. 305 
26.274 
26.272 
26. 256 
26. 302 
26. 31>2 
26. 352 
26. 273 
26. 228 
26.232 
26, •.»22 
26.208 
26. 243 



26. 
26. 
26. 
26. 



352 
322 
238 
208 



26. 202 



InchrM. 

— . l.'»9 
.137 
.142 
.108 
.086 
.069 
.049 
.150 
.149 
.134 
.134 
.105 
.083 
.056 
.052 
.143 
.148 
.133 
.130 
.093 
.068 
.055 
.0.56 
.141 
.155 
.136 
.138 
.079 
.062 
.056 
.058 
. 140 
.165 
.139 
.141 
.079 
.068 
.057 
.064 
.147 
.165 
.144 
ITJ 
.1(K) 
.081 
.065 
.065 
.151 
.165 
.147 
.142 
.111 



26.201 
26.246 
26.367 
26.3.56 
26. 272 
26.2.'iO 
26. 242 
26. 246 
26. 23.'i 
26. 2.V) 
26.368 
26.344 
26.244 
26.210 
26.222 
26.204 

26. 190 
26. 216 
26.324 
26.302 
26.220 
26. 185 
26.202 

26. 191 
26.196 
26. 225 
26.354 
2a 330 
2a 264 

,26.252 
2a 232 
2a 211 
2a 175 



I 



58.5 
54.3 
92.8 
9a4 
8&4 
86 
65.0 

m.i 

58. U 
.54.0 
91.4 
9,5.5 
88.7 
83.8 
70.5 
61.5 
5a 5 
53.0 
91.5 
94. 8 
87.5 
85.0 
72.2 
58.5 
52. 5 
48.6 
9L0 
•K). 5 
85. 5 
70.5 
69.8 
6L0 
53.2 



2a 203 
26.248 
26. 309 
26.358 
2a 274 
2a 252 
2a 244 



2f.. 
2a 
26. 



248 
237 
252 



2a 370 
2a 340 
26. 246 



26. 
26. 
26. 
26. 
26. 
26. 



212 
224 
206 
192 
21 h 
32<l 
26. :M)4 
2a 222 
2a 187 
2a 204 
26. 193 
2a 198 
2a 2/7 
26. 3.'»6 
26. 3.32 
26. 266 
26. 2.54 
26. 234 
2a 213 
2a 177 



IffhfM. 

26. 073 
25.997 
25.972 
2a 036 
2a 050 
2a 053 

26. 122 
2a 150 

26. 123 
26. 062 
2a 051 
2a 101 
26.119 
2a 124 
2a 166 
26. 193 
2a 164 
2a 101 
2a 070 

2a 100 

26. 126 
2a 127 
26.167 
2a 193 
2a 159 
26.112 
2a 100 
2a 158 
2a 184 
26.200 
2a 248 
2a 266 
2a 225 
2a 177 
2a 164 
.6. 195 
2a 204 
2a 199 
2a 238 
2a 245 
26 J 87 
2a 129 
26.096 
mi32 
2a 141 
26.143 
26. 17M 
2a 201 
2a 157 
26 091 
2a 066 
2a 091 



.070 

.0.59 

.150- 

.159 

.140 

.134 

.085 

.073 

.009 

. 059 

.147 

.156 

. 140 

.129 

.U98 

.077 

.oa5 

.058 
.148 

* * • 

.1.38 
. 132 
.102 
.070 
.056 
.047 
.147 
. 145 
.13.3 
.120 
.097 
.076 
.057 



26.133 
26 1»^ 
26. 219 
26 199 
2a 134 
2a 118 
26. 159 
26.175 
2a 168 
2a 193 
2a 223 
2a 190 
2a 106 
2a 083 
2a 126 
2a 129 
2a 127 
26.160 
2a 178 
26. 149 
2a 084 
26. 055 
26. 102 
2a 123 
2a 142 
2aiH0 
2t5. 209 
2aiH7 

26. i:w 

26. 134 
2ai37 
2a 137 
2a 120 



mta. 
662.25 
660.31 
659.68 
661.30 
661.66 
66L74 
663.49 
664.20 
663.52 
661.96 
661.60 
662.96 
663.41 
663.54 
664.60 
665.29 
664.55 
662.96 
€62.17 
662.93 
663.59 
663.62 
664.63 
665.29 
664.43 
663.23 
662.93 
664.40 
6a5 06 
6a5.47 
666.68 
667.14 
666.11 
6<V4.89 
664.55 
665.34 
665.57 
665.44 
666.43 
66a 61 
665.14 
663.67 
662.82 
663.74 
663.97 
664.02 
664 91 
665.50 
6a4.38 
662.70 
662.06 
662.70 



663.77 
6aV19 
065.95 
665.44 
663.79 
663.38 
664.43 
664.84 
664.65 
G65.29 
66a 06 
665.21 
66:i.0K 
662.50 
663.59 
663.67 
663. ft: 
664.45 
664.91 
664.17 
662.52 
661.79 
662.98 
663.52 
663.99 

665.70 
665.14 
663.77 
663.79 
663.86 
663.86 
663.44 



* Observer fidled to awaken. 
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Table 167— Continued. 

Special iri-hourly observaiione of barometer No. 1890 — S, S, Station, Lone Pine — Continued. 



Dite. 



Local tinio. 



Obaerver. 



1881. 
Aoff. 26 
26 
26 
26 
26 
26 
26 
27 
27 
27 
27 
27 
27 
27 
27 
28 
28 
28 
28 
28 
28 
28 
28 
29 
29 
29 
29 
29 
29 
29 
29 
30 

no 

30 

30 

30 

30 

30 

31 

31 

31 

31 

31 

31 

31 

31 

31 

Sept. 1 

1 

1 

1 

1 

1 

1 

1 

2 
•> 



•> 
•» 

51 

•» ■ 

3 

3 

3 

3 . 

3 i 

3 

3 

3 ' 

4 

4 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

5 



Original. 



Barometer. 



6 a. Ill 

9 a. ID ... 
NooD — 

3 p. m 

6 p. m 

9 p. m.-. .. 
Midnight 
3 a. m 



6 a. m 

9 a. m 

Noon 

3 p. ni 

6 p. ni 

9 p. m 

Midnight . 

3 a. m* 

6a. m 

9 a. m 

Noon 

3 p. m 

6 p. m 

9 p. ni 

Midnight . 

3 a. in 

6 a. m 

9 a. m 

Noon 

3 p. ni 

6 p. m 

9 p. ni 

Midnight . 

3 a. m 

6 a. m 

9 a. m 

Noon 

3 p. m 

6 p. m 

9 p. m 

Midnight . 

3 a. m 

6 a. ni 

9 a. m 

Noon 

3 p. m 

6p. m 

9 0. til 

^ndnight . 

3 a. m 

6 a. m 

9 a. m 

Noon 

3 p. m 

6 p. m 

9 p. in 

Midnight . 

3 a. m 

6 a. m 

9a. m 

Noon 

3 p. in 

6 p. m 

9 p. m 

Midnight . 

3 a. ni 

6a. m 

9 a. m 

Noon 

3 p. ni 

6 p. in 

9 p. m 

Midnight . 

3 a. m 

tf a. m 

9 a. ni 

Noon 

3p. m 

6 p. m 

9 p. ni 

Midnight t 

3a. m 

6 a. m 

9a. m 

Noon 

3p. m 

6 p. m t 



A. CD. 
A. CD. 
A. CD. 
H. L.... 

H. L 

A. CD. 
A. CD. 
A.C. D. 
A. CD. 
A. CD. 
H. L.... 
A. C D. 
A.C D. 
H. L.... 
H. L.... 



Barometer 
reading. 



Inches. 
26.166 
26.260 
26.208 
26.186 
26.112 
26.088 
2a 131 
2a 141 
2a 196 
26.262 
26.280 
2a 212 
2a 198 
2a 184 
26.204 



Attached 
I thermome- 
ter. 



51.6 
90.7 
94.0 
85.8 
86.3 
67.0 
62.0 
57.0 
55.5 
72.8 
85.8 
7a 
69.0 
55 5 
52.5 



Corrected 
for instru- 
ment error. 



Inehet. 
2a 168 
26.262 
2a 210 
26.188 
2a 114 
2a 090 
2a 133 
2a 143 
2a 198 
26.264 
2a 282 
2a 214 
2a 200 

iai86 

2a 206 



Correction 

for tem> 

perature. 



Inches. 

— .054 
.146 
.153 
.133 
.135 
.089 
.078 
.067 
.063 
.104 
.135 
.111 
.094 
.063 
.056 



Reduced 

to frecEing 

point 



H. 

A. 

H. 

H. 

A. 

A. 

A. 

A. 

A. 

A. 

H. 

A. 

A. 

H. 

H. 

H. 

H. 

A. 

H. 

A. 

A. 

A. 

H. 

H. 

H. 

A. 

A. 

A. 

A. 

A. 

H. 

H. 

H. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

U. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 



L.... 

CD 

L.... 



L 

C D.. 
CD.. 
CD . 
CD.. 
C D.. 
CD.. 
L 



CD 

CD. 

L.... 

L.... 

L.... 

L.... 



C D... 

L 

CD... 
CD... 
CD... 

L 

L 

L 

C D.... 
CD... 
C D... 
C D... 
C D.... 
L 



L.... 

L.... 

CD. 

CD. 

C D. 

CD. 

CD. 

C D. 

C D. 

C D. 

CD. 

CD. 

CD. 

CD. 

CD. 

CD.. 

C D. 

CD. 

CD 

CD. 

C D. 

L 



C D 

C D 

C D 

C. D 

V^. \j • . . . - • 

C D 

(' D 

0. D 

CD 

CD 

C D 

C D 

C D 

CD... 



26.210 
2a 299 
26.266 
2a 160 
2a 136 
26.110 
26.118 
26.124 
26.150 
2a 224 
26.192 
26.088 
2a 060 
26. 068 
2a 128 
2a 150 
26.212 
2a 320 
2a 326 
2a 256 
26.234 
26.235 
2a 276 
2a 222 
2a 256 
2a 368 
26.340 
2a 250 
2a 223 
2a 200 
26.182 
2a 190 
26.194 
2a 299 
26.252 
2a 150 
2a 094 
2a 081 
26.073 
2a 070 
2a 094 
26.200 
2a 162 
2a 114 

2a 100 

2a 128 

2a 110 

2a 095 
2a 120 
2a 162 

2a 115 

2a 032 

2a 000 
2a 000 

2a 029 
26.031 
2a 064 
26.112 

2a 101 

26.063 
'2^. 951 
26. 033 



44.5 

80.8 

90.2 

80.8 

83.5 

62.0 

51.2 

4a 

49.0 

84.2 

86.8 

82.0 

72.0 

64.5 

63.8 

57.3 

54.5 

79.4 

89.2 

79.0 

74.0 

61.0 

51.8 

48.0 

44.0 

82.2 

90.3 

82.0 

73.2 

60.7 

50.2 

48.5 

4a 5 

85.0 

91.8 

84.0 

73.0 

65.0 

58.5 

50.0 

47.0 

86.5 

93.6 

8a 

77.0 

72.0 

69.0 

6ao 

65.0 
84.0 
91.5 
82.5 
74.6 
70.5 
65.6 
62.8 
62.0 
81.0 
89.0 
80.0 
77.3 
75.0 



26^213 
26.301 
2a 268 
2a 162 
2a 138 
26.112 
26.120 
26.126 
26.152 
2a 226 
2a 194 
26.090 
26.062 
2a 070 
2a 130 
2a 152 
26.214 
26.322 
2a 328 
2a 258 
2a 236 
26.237 
2a 278 
2a 224 
2a 258 
26. 370 
26.342 
2a 252 
26.225 
2a 202 
2a 184 
2a 192 
2a 196 
2a 301 
2a 254 
2a 152 
2a 096 
2a 083 
2a 075 
26.072 
2a 096 
2a 202 
2a 164 

2a 116 

26.102 
2a 130 

2a 112 

2a 097 
2a 122 
2a 164 

2a 117 

26.034 
2a 002 
26.002 
2a 031 

2aa33 

2a 066 

2a 114 

2a 103 
2a 005 
25.953 
2a 035 



.087 

.123 

.145 

.122 

.128 

.078 

.052 

.041 

.048 

.127 

.136 

.124 

.101 

.084 

.082 

. 066 

.060 

.119 

.142 

.118 

.107 

.076 

.055 

.045 

.037 

.126 

.145 

.125 

.105 

.075 

.051 

.047 

.043 

.133 

.148 

.130 

.103 

.085 

.070 

.050 

.043 

.136 

.152 

.113 

.112 

.101 

.094 

.087 

.085 

.130 

.147 

.125 

.107 

.097 

.086 

.080 

.078 

.122 

.140 

.119 

.112 

.108 



Inches, 
2a 114 
2a 116 
2a 057 
2a 055 
25.979 
2a 001 
2a 055 
2a 076 
26.135 
26.160 
2a 147 
26.103 
2a 106 
26.128 
2a 150 



Bednced 

tomillime- 

ten. 



191191. 

663.28 
063.83 
661.84 
661.79 

659. as 

000.42 
061.79 
002.82 
008.82 
004.45 
00112 
003.01 
008.08 
008.52 
064.20 



2a 106 
2a 178 
2a 123 
2a 040 

2a 010 

2a 034 
2a 068 
26.085 
2a 104 
2a 099 
2a 058 
25.966 
25.961 
25.986 
2a 048 
2a 086 
26.154 
2a 208 
2a 186 
2a 140 
26.129 
2a 161 
2a 223 
2a 179 
2a 221 
26.244 
2a 197 
2a 127 
20.120 
2a 127 
2a 133 
2a 145 
2a 158 
2a 108 

2a 100 

2a 022 
25.993 
25.998 
2a 005 
2a 022 
2a 053 
2a 066 
2a 012 
2a 008 
25.990 
2a 029 
2a 018 

2a 010 

26.037 
2a 034 
25.970 
25.909 
25.895 
25.903 
25.945 
25.958 
25.988 
25.992 
25.903 
25.881 
25.841 
25.927 



26. 022 
26.029 
2a 115 
2a 1011 
2a 032 



54.5 
60.0 
87.0 
83.7 
82.5 



2a 024 
26. 031 
2a 117 
2a 102 
2a 034 



.061 
.073 
.136 
.129 
.126 



25.903 
25.968 
25.981 
2&97S 
25.909 



004.08 
664.91 
608.52 
001.40 
000.04 
001.26 
002.11 
002.66 
008.08 
002.90 

001. ao 

060.62 
059.40 
000.08 
001.00 
002.87 
004.80 
006.56 
005.11 
008.94 
003.07 
064.48 

ooaoo 

004.94 

ooaoi 
ooa68 

006.89 
003.02 
008.44 
008.08 
008.77 
004.07 
004.28 
004.05 
008.08 
000.95 

ooa2i 

000.88 
000.68 
000.96 
001.74 
002.00 



000.47 
000.18 
001.13 
06a84 
000.04 
00L33 
001.26 
068.08 

05&oe 

067.72 
067.88 
058.99 
050.20 
OOaOB 

ooais 

060L46 
067.37 
098.85 
058.54 



060L45 
060L88 
0S8.81 
0S8.81 



^* Obeerver failed to awaken, t Omitted ; observer aick. X Discontinued by directions of Professor Langle j. Dated September 8, 1881« 
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Table 168. 

Summary of speeial tri-hourly oh8ervation$ of the barometer at Lone Pine, 
[Corrected. Reduced to freeziog point and to miUimeterH. Barometer, 1890, S. S. Observers, A. C. D. and IL L. Computer, R H. W. | 



1 

Date. 


8 a. m. 


6 a. m. 
tittn. 


9 a. m. 


Noon. 
mm. 


3 p. m. 
tntn. 


6 p. m. 
mm. 


9 p.m. 
mm. 


Midnight 


1881. 


mtn. 


911m. 


mm. 


1 Aug. 15 








662.25 


660.31 


650.68 


661.30 


661.66 


16 


66i.74 


663.49 


664.20 


663.52 


661.96 


661.60 


662.96 


663.41 


17 


663.54 


664.60 


665.29 


664.55 


662.96 


662.17 


662.03 


66a 69 


18 


663.62 


664.63 


665.29 


664.48 


.663.23 


662 03 


664.40 


665.06 


19 


665.47 


666w68 


667.14 


666.11 


664.80 


664.55 


665.34 


665.57 


' 20 


665.44 


666.43 


666.61 


665.14 


663.67 


662.82 


663.74 


663.07 


21 


664.02 
663.77 


664.91 
665.19 


665.50 
665.95 


i 664.38 
' 665.44 


662.70 
663.79 


662.06 
663.38 


662.70 
664.43 




22 


664.84 


23 


664.65 


665.29 


666.06 


665.21 


663.08 


662.50 


663.50 


663.67 


24 


663.62 


664.45 


664.91 


664.17 


662.52 


661.70 


662.08 


663.52 


25 


663.99 


664.96 


665.70 


665.14 


663.77 


663.70 


663.86 


063.86 


26 


663.44 


663 28 


663.33 


661.84 


661.79 


659.86 


660,42 


661.70 


' 27 


662.32 


663.82 


664. 45 


664.12 


663.01 


663.08 


663. .S2 


664.20 


28 




664.68 


664.91 


663.52 


661.40 


660.64 


661.25 


662.11 


29 


662.55 


663.03 


' 662.98 


661.86 


659.52 


650.40 


660.03 


661.60 


80 


662.57 


664.30 


665.60 


665.11 


663.04 


663.67 


664.48 


666.06 


31 


664.94 


666.01 


666.58 


1 665.30 


663.62 


663.44 


663.62 


663.77 


Sept. 1 


664.07 


664.28 


664.65 


663.08 


660.05 


660.21 


66U.33 


660.52 


2 


660.95 


661.74 


662.06 


660.60 


660.47 


660.13 


661.13 


660.84 


1 3 


660.64 


661.33 


661.25 


659.63 


658.08 


657.72 


657.03 


658.09 


4 


659.20 
659.45 


660.08 
1 659.82 


660.18 
659.91 


659. 4-^ 
659.81 


657.37 
658.08 


656.35 


658.54 




5 












1 Sums . . 


13259.99 


' 13942.53 


13952. 47 


14504.84 


14561. 11 


13891.86 


13000.48 


12500.13 


Means 

t 


663.00 


663.93 


664.40 


I 663.40 


661.87 


661.52 


602.35 


663.15 



If in the above table the missiDg readings be supplied by interpolatiou, the mean value for 
3 a. in. will be 663.10 and that for midnight 662.95. 

For a summary of the special tri-honrly observations of the relative humidity at Lone Pine 
the reader may consult the Table 149a. 

We give here a summary of the tfaermometric measurements. 

Table 169. 



Summary of epeoial iri-hourly obeerrations of the thermometer at Lone Pine. 
[Dry bulb. Reduced to Centigrade. Observers, A. C. D. and H. L. Computer, F. W. V.] 



Date. 



1881. 

Aug. 15 

16 

17 

18 

10 

20 

21 

22 

23 

24 

25 

26 

27 

28 

20 

30 

31 

I Sept 1 

' 2 

3 

I 4 

5 

Sums . 
Means 



3 a. m. 6 a. m. a. m. , Noon. 3 p. m. 



14.78 
10.11 
12.33 
10.04 
10.11 
14.78 
14.78 
13.72 
18.17 
12.33 
10.30 
14.50 

"7.' 44' 
14.04 
8.80 
9.28 
10.33 
20.04 
17.30 
12.61 



10.11 

0.83 

11.50 

11.22 

10.04 

14.78 

12.06 

12.80 

11.44 

11.11 

10.94 

13.44 

9.00 

9.83 

13.67 

7.00 

9.00 

8.67 



26.28 
25.67 
25.56 
26.56 
20.67 
27.67 
27.11 
26.67 
27.50 
26.28 
25.83 
20.00 
21.22 
22.61 
21.06 
23.17 
23.22 
24.67 



253.76 
12.09 



18L72 
16.67 
15.33 


25.72 
21.06 
23.72 


248.15 
11.82 


518.25 
24.68 



3L83 
20.33 
20.33 
30.44 
32.04 
38.61 
33.22 
32.39 
32.00 
31.44 
28.67 
31.00 
25.44 
27.83 
27.00 
26.67 
28.00 
28.50 
31.00 
20.67 
25.44 
28.22 

"653.07 
20.73 



32.11 
31.11 
31.28 
32.11 
33.50 
34.28 
32.04 
33.50 
33.44 
32.56 
31.22 
30.72 
27.39 
29.06 
28.94 
28.06 
28.80 
80.17 
32.00 
29.17 
26.89 
29.17 



678.51 
80.84 



6 p. ni. 


9 p.m. 


Midnighu 











28.22 


23.72 


10.83 


26.28 


20.83 


16.72 


26.56 


16.72 


14.33 


26.56 


12.61 


13.30 


28.22 


14.22 


15.11 


27.83 


22.22 


10.80 


29.61 


22.33 
13.72 




27.39 


14.56 


27.11 


19.28 


15.06 


27.67 


19.56 


11.78 


23.44 


20.11 


17.66 


26.72 


18.72 


1&44 


18.11 


10.56 


0.44 


24.61 


14.61 


12.44 


19.28 


18.33 


10.00 


21.50 


13.11 


0.56 


19.44 


14.22 


8.44 


19.39 


15.72 


17.00 


21.06 


22.06 


21.17 


22.72 


20.61 


16.72 


24.80 


22.61 










376.87 




516.61 


, 200.44 


24.60 


17.90 


1 16.20 


— - 
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Table 170. 

Barometric ohserrations at Mountain Camp, 
[Baromct-er No. 2018 Signal Service. Correction + ©'■.002. Observer, J. J. N. Computer, R. H. W.] 











Original. 




Barometer. 




1 i 








Original. 




Barometer. 




Dat4'. 


Local moan 
time. 


1 
arometer read- 
ing. 


1 
ttacbed tber- , 
moroetor. 


fife 

■SI 
H 


- 1 

Correction for tem- j 
perature. 


educed to freez- i 
ing point. | 


educed to niilli- ' 
meters. 


1 

Date. 

1 ' 

1 ' 


Local mean 
time. 


1 

Barometer read* ' 
iug. 1 

1 


ttaoh'ed ther- 
mometer. 


« a 


Correction for tem- j 
perature. ■ 




edaoed to milli- 
meters. 










« 


< 


C* 


M 


» 


1 








< 


5* 


M 


M 










Inehet. 


oFah. 


Jiwhes. 


Jnc.het. 


IncJui. 


vim. 


' 








Inehet. 


oFah. 


Inches. 


Inches. 


Inches. ' 


mm. 


Aug. 17 


gfc 


l.'i™ 


p. m. 


19. 716 


40.0 


19. 718 


— 021 


19.697 


500.30 


Aug. 26 


12 


35 


p.m. 


19.732 


60.0 


19.734 


—.055 


19.679 


499.84 


IH 


8 


15 


a. m. 


10.763 


61.0 


19.765 


—.059 


19.706 


.500. 52 


26 


8 


15 


p.m. 


19. 6.55 


40.0 


19.657 


—.020 


19.637 


498.77 


18 


12 


35 


p. ni. 


19.780 


63.0 


19. 782 


-.061 


19. 721 


500.91 


27 


8 


15 


a.m. 


19. 591 


50.5 


19.593 


—.038 


19.555 


496.69 


18 


8 


15 


p.m. 


19. 777 


44.0 


19.779 


— . 028 


19. 751 


501.67 


27 


12 


35 


p. m. 


19.650 


56.5 


19. 652 


—.049 


19.603 


497.71 


19 


8 


15 


a. ro. 


19.837 


66.5 


19. 839 


—.067 


19. 772 


502.20 


27 


8 


15 


p. m. 


19.661 


34.5 


19.663 


•-. Oil 


19.652 


499.15 


19 


12 


35 


p. ni. 


19.851 


67.5 


19.853 


—.069 


19.784 


502. 50 


28 


8 


15 


a.m. 


19.693 


57.0 


19.695 


—.050 


19.645 


498.08 


19 


8 


15 


p.m. 


19.8.56 


45. 5 


19. 8.58 


—.030 


19.828 


503.62 


28 


12 


35 


p. m. 


1 19.711 


59.5 


lfi.713 
19.665 


-.055 


19.658 


499.30 


20 


8 


15 


a. m. 


19.870 


63 5 


19.872 


— . 062 


19. 810 


503. 16 


28 


8 


15 


p.m. 


19.663 


38.0 


— . 016 


19.649 


499.08 


20 


12 


35 


p. ni. 


19. 882 


68.0 


19.f84 


—.071 


19. 814 


503.26 


29 


8 


20 


a. m. 


19.663 


53.5 


19.665 


—.044 1 19.621 


49a 37 


20 


8 


15 


p. ni. 


19 819 


45 


19.821 


—.030 


19. 791 


502. 69 


29 


12 


35 


p. ro. 


19.680 


62.0 


19.682 


—.059 


19.623 


498.42 


21 


8 


15 


a. m. 


19. f49 


67.0 


19. 851 


—.069 


19.782 


502.45 


29 


8 


15 


p.m. 


1 19.623 


3&0 


19. 625 


— . 013 


19. 612 


498.13 


21 


12 


35 


p. m. 


19. 854 


68.5 


19.850 


-.071 


19.786 


502. .53 


30* 


8 


15 


a.m. 


19. 702 


56.0 


19.704 


—.048 


19.656 


499.25 


21 


8 


15 


p. ro. 


19. 782 


45.0 


19.784 


—.030 


19.754 


501.74 


30 


12 


35 


p. m. 


19.755 


6L0 


19. 747 


-.067 


19.690 


500.12 


22 


8 


15 


a. m. 


19.838 


65.5 


19.840 


—.065 


19. 775 


.502. 28 


30 


8 


15 


p. m. 


19. 743 


40.5 


19.735 


—.021 


19.714 


500.72 


22 


12 


35 


p.m. 


19. 851 


67.0 


19.853 


—.068 


19.785 


502. 53 


31 


8 


15 


a.m. 


, 19.770 


55.5 


19. 762 


—.047 


19.715 


500.75 


22 


8 


15 


p. m. 


19.801 


46.0 


19. 803 


—.031 


19. 772 


502.20 


31 


12 


35 


p. m. 


19.804 


65.5 


19.796 


.--.065 


19.731 


SOL 16 


23 


8 


15 


a. m. 


19.833 


65.5 


19. 8,35 


-.065 


19. 770 


502. 15 


31 


8 


15 


p. ro. 


19.749 


41.0 


19. 741 


—.021 


19.720 


500.88 


23 


12 


35 


p. m. 


19.842 


68.0 


19. 844 


—.070 


19. 774 


502.25 


Sept. 1 


8 


15 


a.m. 


19.762 


59.0 


19.754 


—.055 


19.699 


500.35 


23 


8 


15 


p. m. 


19.787 


43.0 


19. 789 


—.026 


19.763 


501.97 


1 


12 


36 


p.m. 


19. 749 


63.5 


19. 741 


—.061 


19.680 


499.86 


24 


8 


15 


a. m 


19.818 


C2.5 


19. 820 


—.060 


19.760 


501.80 


1 


8 


15 


p.m. 


19.682 


40.0 


19.674 


—.020 


19.654 


499.20 


24 


12 


35 


p. ni. 


19. 824 


65.5 


19. 826 


—.065 


19. 761 


501.92 


21 


8 


15 


a.m. 


19. 708 


54.0 


19.700 


—.045 


19.655 


499.23 


24 


8 


15 


p.m. 


19. 793 


44.0 


19.795 


—.028 


19.767 


502.07 


6 


8 


15 


p. m. 


19.763 


39.5 


19.766 


—.020 


19. 745 


501.52 


25 


8 


15 


a.m. 


19.794 


63. 5 


19. 796 


—.062 


19. 734 


501.23 


7 


8 


20 


a.ro. 


19.802 


5.5.5 


19.804 


—.047 


19. 757 


50L82 


25 


12 


35 


p. m. 


19. 820 


64.5 


19.822 


—.063 


19. 759 


501.87 


7 


12 


35 


p. m. 


19.829 


65.5 


19.831 


-.065 


19.766 


502.04 


25 


8 


15 


p. m. 


19.771 


41.0 


19. 773 


—.022 


19.7.51 


.501.67 


7 


8 


15 


p.m. 


19. 791 


41.0 


19.793 


—.022 


19.771 


502.18 


26 


8 


15 


a. m. 


19.747 


5.'>. 


19. 749 


—.040 


19. 703 


500.45 










1 


1 






























. _ _ _ _ 














i_ . 







* liarometer No. 1935, Signal Service, correction — 0'».008 aft<'r this. 
Instruments on snmuiit, September 2 to 6, 1881. Barometer No. 2018, Signal Service, hereafter; correction —-f0'*.002. 



Table 171. 

Summary Mountain Camp barometric readings. 
(Corn'cted, reilueed to freezing point and to millimeters. Barometera No. 2018 and 1935, S. S. Observer. J. J. N. Computer, R. IL W. ' 



Date. 



S"" lc»" a. m. 12'» 3.5» p. m. 8'' 15" p. m. Date. 8^ 15'" a. m. 12'» SS" p.m. 8^ IS" p. m. 



1881. 
Aug. 17 
18 
19 
20 
21 
22 
Zi 
24 
25 
26 
27 
28 



mm. 



mm. 



.500. 52 
.502. 20 
503. 1(5 
502.45 
.502. 28 
502. 15 
."»01. 
.501. 
.500. 45 
496. 69 
498.98 



89 
23 



.500. 91 

.503. 26 
502. 53 
502. 53 

.501. 92 
501.87 
499.84 
497. 71 
499. 30 



mm. 
500.30 
SOL 67 
503. 62 
.502. 69 
501.74 
502. 20 
501.97 
502,07 
501.67 
498. 77 
499.15 
499.08 



1881. 
Aug. 29 
30 



Sept 



31 

1 
•» 

6 

7 



Sums 



Means 



mm. 
498.37 
499.25 
500. 75 
500.35 
499.23 



501.82 



8511.77 



.500.69 



mm. 
498. 42 
500.12 
501. 16 
499.86 



502.04 



8016. 22 



50L01 



mm. 
498.13 
.500.72 
.500.88 
499.20 



501. 52 I 
502.18 

9017.56 

500 98 
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Table 172. 

Summary of Mountain Camp th^mometrio and hygrometrical readings. 

(ObMener, J. J. X. Computer, F. W. V.] 



Dry-bulb thrrmometor 
rvduceil to Centigrade. 



Date. 



8* 15- 
a.iu. 


12* 35- , 
p.m. 


9> 15* 
p. m. 



j Relative hamiditv by 
1 SmithftODiaD tables. 



S* 15- 12«» 35- g* 15- 
a. m. I p. ui. a. m. 



Date. 



Drr-bnlb thermometer Relative humidity by 
reauce<l to Centigrade. SmitbHoniiin tablea. 



1881. 
Aug. 22 
23 
24 
•J5 
26 
27 
28 
29 



10.6 
» 4 
«.3 
6.1 
2.8 
5.0 
6.9 



16.4 
15.0 
15.0 
14.4 

12.2 

n.i 

11.4 
11.7 



o 

7.8 
5.8 
0.7 
5.0 
4.4 

•J, 2 

•I •» 

••• *• 

2.2 



Per e. | 

4.4 
1.5.4 I 
17.0 
33.2 
51.3 
32.3 
28.3 1 



Per c. 
14.7 
12,6 
20.3 
19.0 
>41.8 
1'3. 8 
24.5 
20. 7 



Per e. 
40.1 
39.9 
26.9 
32. 3 
22.1 
57. H 
44.3 
67.5 



1881. 

Aug. 30 

31 

Septl 

2 



Sums ■ . 
Means . 

Table 173. 



8* 15" 
a. m. 



o 
7.2 

a? 

8.6 
6.7 

78.3 

7.1 



12«» 35- 
p.m. 



o 

13.3 
14.4 
13.6 



8* 15- 
p.m. 



o 

3.9 
3.9 
3.3 



8* 15- ' 12* .35- 8* 15- 
a. m. p. m. I a. m. 



148.5 
13.5 



47.4 
4.3 



Per e. 
23.6 
55.8 
14.8 
26.9 

30;K9 





1 
1 


Per e. 


Per e. 


20.7 


34.3 


17.7 


40.9 


24.7 


37.3 



220. 5 449. 4 



27.6 



20.6 



40.9 



Jiaromefric observations at Peak of Whitney, 
[Burometer No. 2018, S. S. Conection, 0.002 inch. Computer, R. II. W.l 



Original. 



I 



Barometer. 



Date. 



Lo<'al mean time. 



Observer. 



1881. 
Sept. 2 
2 
2 
3 
3 
3 
4 
5 
5 
6 
5 
5 
5 
6 
6 
6 
6 
6 



h. m. 

6 00 

9 00 

12 00 

3 00 

6 00 

8 15 

8 30 

12 40 

5 07 

6 30 
8 20 

10 22 

12 00 

1 00 

3 00 

5 00 

8 17 

9 00 



p. m 

p. ro . . . . . 
midnight 

a m 

a.ni 

p. m 

a. m 

p. m . — 

p. m 

p. m 

p. m 

p. m 

midnight 

a. lu 

a.m 

a. ra 

a.m 

a.m 



1 J.J.N, 
i J. J. N . 

J. J. ^ . 

J. J. N . 
I J. J. N . 

J. E. K . 
I J. E. K 
If J. E. K 

J.E.K. 
I O. E. M 
I O. E. M 
! O. K. M 
' (). E. M 

O.E. M 
i O. E. M 
! O. E. U 

(). E. M 

O.E.M 



Barometer 
rfudin '. 



Inehe*. 
17.600 
17. 597 
17.569 
17. r.29 
17.518 
17. 614 
17. 627 
17.600 
17.680 
17.640 
17.599 
17. .558 
17.558 
17.610 
17.610 
17.610 
17.692 
17.680 



Attached 

thorniume- 

ter. 



Corrected 
for instru- 
ment error. 



I 



Correction 
for tem- 
perature. 



o Fah. 
30.0 
26.5 
25.5 
22.5 
22.5 
28.2 
52.8 
62.5 
61.5 
42.0 
38.0 
32.0 
31.5 
30.0 
30.0 
28.0 
52.0 
64.4 



Inches. 
17.602 
17.599 
17.571 
17.531 
17. 520 
17. 516 
17.629 
17.602 
17.682 
17. 642 
17.601 
17.560 
17.560 
17. 612 
17. 612 
17.612 
17.694 
17.682 



Inches. 
-.003 
-f,0O4 
+ .005 
+.009 
+.009 
+ .000 
-.038 
—.056 
-. 0."»4 
-.020 
-.013 
-.005 
-.005 
-.002 
-.OOJ 
+.001 
-.037 
.042 



Re<lnc«-d 

to freezing 

point. 



Inches. 
17. 599 
17 6U3 
17. 576 
17.540 
17. 529 
17. 516 
17.591 
17.54rt 
17.628 
17.6.'2 
17. .588 
17.555 
17.555 
17.610 
17.610 
17.613 
17.657 
17.640 



Reduced 
to niilli- 
metei-8. 



m tn. 

447.00 

447. 10 

446.40 

445 50 

445.22 

444. 89 

446.79 

445.65 

447. 73 

447.58 

446. 72 

445.88 

445.88 

447. 27 

447.27 

447. 35 

448.47 

448.09 



Table 174. 

Simultaneous observations of the barometei'j thermometer, and of relative humidity beticeen Lone Pine and JVhitney Peak, 

(Observers, J. J. N. and A. C. D. Computer, A. B. 8. J 



Barometer reading. 



Temperature ° C. 



Relative humidity. 



Date. 



Local mean time. 



L«DePiD«. ™«y I Lone Pine. '^^hUj^y LonoPlne ' ^^'JiJ^y 



1881, h. m. mm. 

Sept. 2 6 00 p. m 660.13 

2 9 00 p. Ml 661. 13 

2 Midnight 600.84 

3 3 00 a. m 660. 64 

3 6 00 n. ni 661.33 

4 8 15 p. m 6:»H. 15 

5 K 30 a. m 659. 78 

5 12 40 p. ni 65K.94 

5 5 07 p. m 6.57. 08 

5 6 30 p. m 660. 00 

5 8 20 p. m 664«. 57 

5 10 22 p. ni 6. 0. 81 

5 Midiii;:bt 660.90 

6 I 1 00 a. m 660. 84 

6 3 00 a. m 660. 64 

6 5 00 a. m 661.40 

6 1 8 17 a m 666.38 

6 9 00 a. m 665.81 

Sums . . ' 1 1895. 33 

Means.! 600.86 



Tnw». 


O 1 


o 






447. 00 


21.06 


- 1.10 


0.303 


0. 307 


447.10 


22.06 1 


- 2.80 


0. 170 1 


0. 4.52 


4^6. 40 


21.17 ■ 


- 3.60 


0.175 


0.340 


445.50 


20.94 > 


- 5.30 


0. 124 


0..509 


445.22 


ia72 1 


- 5.60 


0.270 


0.714 


444.89 


23.40 ' 


- 2.11 


0. 13". , 


0.409 


446. 7S» 


19.50 i 


11.60 


0.352 ; 


0.307 


445.65 


2a30 ' 


16.00 


0.220 


O.OM . 


447. 73 


28.00 


ia4o 


0.244 


0.637 


447.58 


26.40 i 


5.00 


0. 235 


0.545 


446.72 


22.70 


3.30 


0.200 


0..513 


445.88 


16.00 


0.00 


0.167 


0. 452 


445.88 


14. 30 


- 0.30 


0.180 


0. 346 


447.27 


14 40 


- 1.10 


0.200 


0. 428 


447.27 


15.10 


- 1.10 


0.256 ' 


0.643 


447.35 


15.20 


- 2.20 


0.310 


0.312 


448. 47 


14.00 ' 


11.10 


0. 292 


304 


448.09 


16.40 


12.40 


0.273 


0.714 


8040. 79 


357.65 


+52. 09 


4.106 


8.742 


446.68 


19.87 

1 


+ 2.89 


0.228 

i 1 


0.486 
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CHAPTER XX. 



REPORT OF W. C. DAY ON CARBONIC ACID IN LOCALITY VISITED BY EXPE- 
DITION. 

[When the ser rices of Mr. Day were secured for the expedition, it was intended that they should he chiefly given 
in his capacity as a professional chemist, to the determination of the amount of carbonic acid in the air at the yarioos 
stations. The exigencies of the service essentially modified this plan, and a lar^e part of Mr. Day's time was neces- 
sarily diverted by me to the physical experiments, for which we were short-handed. Accordingly, for the fact that 
a larger number of chemical determinations was not made I am responsible rather than Mr. Day. I present those 
which were secured, together with an interesting resum^ of our previous knowledge on the subject by him. — [8. P. 
Lanolky.] 

REPORT ON WORK DONE IN DETERMINING THE AMOUNT OF CARBONIC AOID 
CONTAINED IN THE ATMOSPHERE OF THE LOCALITY VISITED BY THE EX 
PEDITION. 

By Mr. W. C. Day, of Johns Hopkins University. 

Before sabiuitiiup^ an account of the work performed, it will perhaps be best to present a brief 
statement of our knowledge in reference to the following questions: 

First, what is the proportion of carbonic acid in the air, and is this proportion constant? 

Second, what is the action of atmospheric carbonic acid upon solar radiation ? 

The chief causes tending to increase the atmospheric carbonic acid are as follows: 

(1.) The respiration of animals. 

(*i.) Combustion of carbonized material. 

(3.) Exhalations of carbonic acid caused by volcanoes and other infra- terrestrial agencies. 

The causes of decrease in the amount of this gas are chiefly — 

(1.) The decomposition of carbonic acid by living vegetables under the influence of sunlight; 
oxygen being thereby liberated, while carbon is assimilated by the plant. 

(2.) The formation of carbonate of lime by the absorption of atmospheric carbonic acid 
through the agency of certain animals, giving rise to coral reefs and animals and the whole of the 
vast limestone deposits. 

(3.) The absorption or fixation of carbonic acid by inorganic chemical processes. 

Owing to insuflicient data, it cannot \k said whether atmospheric carbonic acid is increasiDg 
or decreasing; but certainly if any essential change is going on, such change must be very slow, 
and years of the most accurate and systematic analyses would be necessary- to reveal it. From 
such knowledge as we have, however, the total amount of this gas in the atmosi>here seems to be 
constant. 

With regard to local variations and their causes there has been much discussion within the 
past few years. As it is with tbe (piestion of lo(;al v.ariation that we are chiefly' concerned, let us 
consider, in a general way, the causes capable of producing alterations in the amount of carbonic 
acid contained in the atmosphere of any given locality. 

The large amounts of the gas emitted by volcanoes would naturally tend to raise the proportion 
of carbonic acid contained in the surrounding atmosphere. Air in the vicinity of densely popu- 
lated cities would also be expected to contain an excess of this gas. The atmosphere of oneplaee 
non-productive of carbonic acid, and separated by miles from another characterized by a large 
consumption of fuel, might, nevertheless, contain a large proportion of this product of combostioii, 
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the excess being due to prevailing winds sweeping from the latter place over the former and carry- 
ing with them the contaminated air. 

Such are some of the causes tending towards local accumulation. 

What, now, are the causes tending to oppose those just considered? 

The diffusion of gases is, of course, the cause of primary importance. The stirring up of the 
air by winds also tends to equalize the proportions of the atmospheric constituents. These two 
causes may be considered the chief ones, which act in direct and immediate opposition to those of 
local accumulation. Another cause, which not only tends to i)revent accumulation, but which 
may even be the cause of a local deficiency, is the ultimate consumption of carbonic acid by vege- 
table life. We would naturally expect to find less of this gas in the atmosphere of a region charac- 
terized by abundant vegetation than in one more barren or one inhabited to a greater extent by 
animals. 

Other causes bearing upon the question of the uniform composition of the air have been sup- 
posed by individual investigators to exist. These causes, more or less generally accepted as such, 
will be presented later, together with the facts which either support or oppose them. 

The figures which in all probability most nearly represent the actual average proportion of 
earbonic acid in our atmosphere at sea level are: Three parts by volume of carbonic acid to 10,000 
parts of air; the extreme limits of local variations may be considered to be 2 and 4.5 parts carbonic 
acid to 10,000 of air, although some analyses on record would extend these limits in either 
direction. 

An interesting theory, bearing upon the constancy of the proportion of atmospheric carbonic 
acid, has lately been advanced by M. H. Schloesiug. (Comptes Rendus, tome 00, page 1410.) This 
investigator maintains that the variations of the atmospheric carbonic acid is contained between 
very narrow limits, and in this connection expresses his firm confidence in the opinions of M. 
Beiset (to be referred to further on). Schloesiug has found that pure water, placed in contact 
with an earthy carbonate and surrounded by an atmosphere containing carbonic acid, becomes 
charged with a quantity of bicarbonate, which increases, according to a mathematical law, with 
the tension of the carbonic acid in this atmosphere. The bicarbonate is found as a result of the 
absorption of carbonic acid by the earthy carbonate employed. 

When a neutral salt of soda, lime, or magnesia in solution is introduced into the water the 
quantity of bicarbonate found differs from that found when pure water is used; but it increases 
with the amount of carbonic acid, and a state of equilibrium is produced between the amount 
formed and the tension of the gas. As a result of a series of analyses of sea-water, Schloesiug has 
also found that the greater part of the carbonic acid contained in a given amount of water is 
present in bicarbonates. These experiments have led the author to the belief that the sea acts 
as a reservoir and regulator of atmospheric carbonic acid. 

Owing to the continual motions going on in the air and in the sea, the state of equilibrium 
above referred to is not perfectly realized in nature. However, there is a tendency toward that 
condition. 

If the variation of the carbonic acid is positive, the sea-water absorbs the excess with the 
formation of bi- or acid-carbonates ; if negative, carbonic acid is released to the air and neutral 
carbonates are precipitated. The sea is regarded by the same investigator as a regulator also of 
atmospheric ammonia. 

M. Mari^-Davy (Comptes Rendus, tome 90, p. 32) claims to have established a relation between 
the carbonic acid of the atmosphere and the great general movements of the latter. 

The above author has in his possession the results of four years of daily determinations of 
atmospheric carbonic acid. These determinations were made at Montsouris by M. Ij^vy and bis 
assistant, M. Allaire. They show variations between the limits 22 and 36 parts of carbonic acid 
to 100,000 of air. 

In attempting to account for these variations M. Mari^-Davy first thought that they were due 
to the influence, on the one hand, of Paris as a fruitful source of carbonic acid, on the other, of the 
cultivated fields as agents of consumption. But, contrary to this belief, it was noticed that the 
northern winds, which blow from Paris over Montsouris contain less carbonic acid than those 
firom the south, which come directly from the country. 
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The local inflaeuce is thus subordinated to another of a higher order. Generally the winds 
from the south or southwest graze the surface of the soil, while those from the north or northwest 
plunge down from the elevated atmospheric regions. If, then, it can be supposed that the latter 
contain less carbonic a^id than the former, the matter is explained. 

If his views on this question are true, the great value of including among the ordinary mete- 
orological observations systematic determinations of- carbonic acid in the air, is at once apparent. 

The following views of M. Reiset (Gomptes Rendus, tome 90, page 1144), upon the proportion 
of carbonic acid in the air, introduce a controversy between the latter and M. Mari6-Davy, the 
point of difference being the more or less wide limits of atmospheric carbonic acid variation. 

In the month of June, 1879, M. Reiset commenced in the country a series of iav^estigations 
which was continued ui) to the first frost in November. The general mean deduced from ninety- 
one determinations made during the day or night during this period is 29.78 volumes of carbonic 
acid to 100,000 of air, dry at 0° and 760 °^. In a preceding communication it had been announced 
that from the 9th of September, 1872, to the 20th of August, 1873, the mean was 29.42. These 
latter determinations are therefore confirmed by those made Mx years later thus showing that the 
limits of variation are much smaller than as revealed by the investigations of M. Marii-Davy. 

The conclusions arrived at by M. Reiset are as follows : 

After an interval of six years the same proportion of carbonic acid is found, i. e.y 29.78 vol- 
umes carbonic acid to 100,000 of air. 

The air analyzed during the night contains more carbonic acid than that during the day; 28.91 
to 100,000 is the proportion found for the day between 9^ a. m. and 4^ p. m.; 30.84 is the propor- 
tion for the night; several foggy nights are included among the number for which this mean was 
found. M. Reiset then refers to the results obtained by M. Mari^-Davy; he makes no comment 
upon the value of the hypothesis advanced by the latter, but says that the variations between the 
limits 22 to 36 per 100,000 of air shown to exist by M. Mari6 Davy's determinations are in total 
disagreement with the results of his owu investigation. M. Reiset further expresses doubt as to 
the degree of precision attainable by the method employed by M. Mari6 Davy, and justifies this 
doubt by a criticism of the latter's methods and apparatus. 

The author concludes this paper by quoting some remarks of Gay-Lussac advocating the idea 
that the proportion of carbonic acid in the air is constant, *. 6., varies between very narrow limits, 
this constancy being due to the state of incessant motion which, it is reasonable to suppose, exists 
in the atmosphere, thus tending to distribute uniformly its accideutal constituents. 

M. Mari^-Davy replies to the remarks of M. Reiset, and reasserts his confidence in the results 
arrived at by his collaborator, M. L^vy, and he emphasizes the importance of continued investiga- 
tions, in various places, with the aim of settling the question of the connection between the pro- 
portion of atmospheric carbonic acid and the general movements of the atmosphere (Gomptes 
Rendus, tome 90, page 1287). 

The principal point on which these eminent observers differ, is whether the extent of variation 
in the amount of atmospheric carbonic acid is contained between the limits believed to exist by 
Mari6-Davy or between less widely separated limits as those advocated by Reiset. 

The recent investigations of MM. Mtintz and Aubin (Gomptes Rendus, tome 92, page 247), on the 
proportion of atmospheric carbonic acid, had for their object the solution of the following questions 

For a given place are the variations in the proportion of carbonic acid considerable or merely 
insignificant? 

Is the carbonic acid uniformly distributed in the various layers of the atmosphere, or is there 
an excess in the lower portions? 

Miintz and Aubin first possessed themselves of a method which would give results upon which 
entire dependence could be placed. Their method may briefly be described as follows: The prin- 
ciple involved consists in fixing the carbonic acid by an absorbing body, from which it is subse- 
quently disengaged and measured directly. The absorbing body is pumice stone, impregnated 
iiith a solution of potassium hydrate. This is contained in a glass tube drawn out at both ends; 
the tube thus prepared is sealed at both ends and opened on the spot when the determination is to 
be made. Air to the amount of at least 200 liters is passed through the tube by means of an aspi- 
rating giisometer. The tube, again sealed, may be preserved indefinitely. The remainder of Uie 
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determiDation is made in the laboratory. Thus one end of tbe tube is connected with a mercnry 
pamp, through the other end dilate sulphuric acid is allowed to enter, the carbonic acid thus dis- 
engaged is determined by direct measurement in a graduated receiver. 

The evidences of accuracy given in the memoir are certainly satisfactory, at the same time the 
method is simple throughout. The operation of passing the air through is one which may be per- 
formed by a person unaccustomed to delicate manipulation. The method is specially valuable in 
its application to determinations in places difficult of access. For accuracy and simplicity this 
method seems to be equaled by no other at present in use. All work connected with its applica- 
tion involving delicacy and careful manipulation is performed in the laboratory ; the remaining 
operations may be performed by an ordinarily intelligent x>er8on at tbe place chosen for the deter- 
minations. 

In the present state of meteorological science tbe indications are that the functions of atmos- 
pheric carbonic acid are more important and more complex than has been supposed until within 
the last few years. Assuming the correctness of the views of Mari^-Davy, a knowledge of the 
variations in the amount of this atmospheric constituent would be of the greatest practical value. 
But in order to prove the correctness or the incorrectness of these views, it is necessary that simul- 
taneous analyses should be systematically made at a number of different places widely separated 
and so situated as to secure various conditions. The Signal Service system of this country seems 
to embrace conditions most favorable for work of this nature. The men stationed at the various 
observatories over our vast area of territory are amply well fitted for the portion of the work which 
would fall to their lot. From a single laboratory tubes prepared as above described might be sent 
to tbe different stations, where tbe necessary volume of air could be simply passed through them, 
the atmospheric conditions at tbe time noted, and the tubes returned to the laboratory, where the 
operation would be completed. 

Let us now consider some of tbe results which this method in the bands of its originators, 
MUntz and Aubin, has already developed (Comptes Bendus, tome 92, page 1229). Two stations were 
established, one at Paris, 6°^ above tbe ground, the other at an open place in the country. The 
atmosphere of a large city like Paris is incessantly contaminated by tbe products of combustion 
and those of tbe respiration of its numerous inhabitants. Tbe atmosphere of tbe country is with- 
out these abundant sources of carbonic acid. At the Paris station a large number of determina- 
tions were made during tbe interval between December, 1880, and May, 1881. 

The differences in tbe proportion of acid are notable. They varied between tbe limits 2.88 to 
4.22 volumes carbonic acid to 10,000 of air. 

The maxima correspond always with weather cloudy and calm, tbe air being disturbed by no 
energetic agitation; also with a predominance of the local influence. The minima, on the other 
band, are evident with an atmosphere pure and agitated. 

Tbe quantities of carbonic acid found during weather cloudy and calm vary between tbe limits 
3.22 and 4.22 volumes per 10,000 air. Those found for clear weather are comprised between the 
limits 2.89 and 3.1. These figures do not differ sensibly from those by M. Boussingault. 

The largest quantities were observed during abundant falls of snow or during thick fogs, con- 
ditions which fetter the movements of tbe atmosphere. The results obtained at the station in tbe 
country confirm those of M. Beiset. During tbe day the quantities are comprised between tbe 
limits 2.70 and 2.99 volumes per 10,000 air. During tbe night there is an increase and tbe mean 
approaches 3. 

Tbe variations observed during a single day, the weather meanwhile undergoing change, are 
given as follows : 

VolniDM of 10,000. 

April 1, 9*» a. III. Sky clear, air agitated 2. 73 

l»»30p. m. Sky cloudy 2.90 

4** p. m. Sky very cloudy, commencement of rain 2. 99 

These variations, although contained between narrow limits, are nevertheless significant. 
MUntz and Aubin (Comptes Bendus, tome 93, page 797) have also applied their valuable method 
o the analyses of air in elevated regions. In these determinations tbe precaution of taking tbe air 
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throagb metallic tabes, about 30 feet from the observer, rendered any error due to respiration of 
the operator null. The point chosen for observation was the summit of the Pic du Midi in the 
Pyrenees Mountains, altitude, 2,877". This peak is separated from other elevated mountains. 
The air which circulates there is that of the upper currents ; the rapidity of the winds removes 
any suspicion of local influence. 

The following table shows the results: 



Date. 



Aag.. 

10 
10 

11 
11 
11 

12 
12 
12 
13 
13 
14 
14 



HoarM. 



Direction of wind. 



12* 3e»to 4>' 00-' SW., strong 



4 00 

8 33 

2 07 

9 M 
11 10 

3 02 
7 19 

10 51 
2 25 

11 10 
2 43 



9 
I 



31 
17 



7 
2 



3 
5 



1 
4 



35 
07 



6 38 
11 18 



01 
45 



10 50 

2 24 

6 07 

2 40 

6 28 



17 
55 



do 

NW.,weak 

do 

SB., variable.... 

do 

do 

SE., very feeble 

do 

do 

SW., strong 

.....do 

.... do 

do 



Volume of air 
employed. 



Literi. 
200.2 
107.6 
237. 3 
206.7 
237.2 
235.4 
236.8 
23a 2 
233.5 
235.3 
234.3 
221.5 
243.1 
234.6 



Carbonic acid 
per 10,000 of air. 



8.01 
2.95 
2.91 
2.75 
2.95 
2.80 
2.76 
2.87 
2.85 
2.79 
2.87 
2.69 
2.93 
2.89 



For the sake of comparison analyses were made in two valleys at the base of the mountains, 
i. e., Pierrefitte, altitude 507™, and Luz, altitude 730", as follows: 

Pierrefitte, Aagust 5, 2^^ to 5^ p. m., carbonic acid per 10,000 of air 2. 79 

Pierrefitte, Aufi^ust 6, 8*» to ll** a. m., carbonic acid per 10,000 of air (foggy) 3.00 

Lnz, Augnst 7, 8^ to 11^ a. m., carbonic acid per 10,000 air 2.69 

The last determination was made in the midst of abundant vegetation. 
MM. MUntz and Aubin arrive at the following conclusions : 

All these figures are very nearly identical with those found in the lower portions of the atmosphere by ourselves, 
by M. Reiset, and M. Schultze. 

We believe, then, that we are authorized in making the statement that the carbonic acid is uniformly distributed 
throughout the atmosphere, nnd we confirm thus the ideas of M. Reiset upon this subject and tliose of M. Schloesing 
on the circulation of caibonic acid at the surface of the globe. 

Our present knowledge as to the proportion of carbonic acid in the air and the limits of varia- 
tion of this proportion may, so far as it is based on experimental evidence, perhaps be stated as 
follows: 

(1) Carbonic acid produced and consumed as shown in the beginning of this report is present 
in our atmosphere in the nearly constiint proportion of three volumes of carbonic acid to 10^000 

of air. 

(2) The variations of this proportion are contained between narrow limits, but are significant. 

Maxima of these variations are caused by predominance of causes of production ; they are also 
coincident with weather cloudy and calm, with falling rain or snow. 

Minima are noticed simultaneously with an agitated atmosphere and clear sky. Minima have 
also been attributed to the immediate proximity of abundant vegetation. 

(3) The nature and direction of winds have been found to influence the proportion. 

(4) The sea appears to exert a controlling influence upon the proportion of carbonic acid, act- 
ing as a reservoir for the gas, absorbing or liberating it according as it varies, increasing or dimin- 
ishing, within the narrow limits which have been determined. 

(6) The influence of altitude is as yet not established beyond the possibility of doubt. 

By some experimenters the proportion has been found to increase with the altitude; by a greater 
number to diminish with the altitude ; by still a third class of investigators the proportion has 
been found to be constant or independent of altitude. 

In order to secure the best possible result of analyses which have already been made by 
various investigators, and by use of various methods, the latter should be compared by simal- 



REPORT ON CARBONIC ACID. 207 

taneoas application to the analyses of the same air, and under the same conditions, the standard 
test for each method being its ability' to determine the amoant of carbonic acid in a certain volame 
of air artificially prepared by introdacing into air first deprived of carbonic acid a known volnme 
of the latter.* 

We will now present the results of observations and determinations made in connection with 
the Mount Whitney Expedition. 

CONDITIONS LIABLE TO AFFECT THE QUANTITY OF CARBONIC ACID IN THE ATMOSPHERE 

SURROUNDING MOUNT WHITNEY. 

The territory bordering upon this portion of the Sierra Nevada Range is, owing to the 
scarcity of wat^r, of a desolate character. The vegetation of the Owens River Valley is exceed- 
ingly scanty, consisting of plants capable of extracting the little water they need from a consid- 
erable depth. 

The country is naturally sparsely inhabited, occasional oases having been selected for the 
location of mining camps. One of the latter, known by the name of '^Lone Pine," is situated on 
to elliptically-shaped oasis whose dimensions may be stated as 3^ miles by about 2. 

The soil throughout the valley is fertile enough for abundant vegetation, and when supplied 
with water, as is the case in the oasis of Lone Pine, amply repays cultivation. 

The mountains are, up to an elevation of ten thousand feet, covered by pine forests. Some 
of the individual trees are of large size. 

The soil, naturally more sterile than in the valleys, is apparently the condition which imposes 
a limit upon the development of trees or other vegetation capable of withstanding extremes of 
heat and cold. 

Water among the mountains is abundant, accumulating in numerous little lakes and rushing 
in streams down the steep sides to the thirsty soil below, from which it is speedily removed by 
evaporation to the still thirstier atmosphere. 

The sky at the time the determinations were made was, with one exception, beautifully clear. 

Occasional forest fires in the mountains are a source of carbonic acid capable of producing 
a temporary local excess in the amount of this gas in the atmosphere. 

We see, then, from the above considerations, that the causes both of production and con- 
sumption of carbonic acid are apparently somewhat less active than in territory less barren. 

METHOD EMPLOYED. 

The method used was a mollification of Petteukofer's process, which consists in passing a 
known volume of air through baryta water, the strength of which solution is determined before 
and after the operation by means of a standard solution of oxalic acid. In the following deter- 
minations standard hydrochloric acid was used instead of oxalic acid and litmus solution was 
used for the color reaction. 



*An extremely important function of atmospheric carbonic acid in the view of many investigators is its action 
on radiant heat, but the laboratory experiments upon the subject have not yet brought certainty, and we here can do 
hardly more than to refer the reader to the best known original memoirs. 

Tyndall (''Philosophical Transactions/' 1859, and *' Investigations in the domain of radiant heat") finds that 
the absorptive power of carbonic-acid gas is about 90 times that of oxygen, and reaches well-known conclusions as 
to the absorptive power of a(iueou8 vapor. 

Magnus (translated, "Philosophical Magazine,'' vol. 26) finds absorptive eflfect of air the same whether dry or 
saturated with aqueous vapor. 

Lecher and Pemter ("Wiedemann's Annalen," 1881, 12), after extreme precautions, find results not greatly 
di£ferent from Tyndall as regards gases, but reached wholly opposite ones as regards aqueous vapor, believing that the 
absorptive power of the atmosphere for radiant heat is due mainly to carbonic acid, which is present with the water, 
and to whose association with the water the efi'ects attributed to aqueous vapor are really due. 

Beiset and Mfintz and Aubin (already cited) also find a connection between the amount of aqueous vapor and 
thftt of carbonic acid in the atmosphere. 
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DetermifMiion at Lone Pine, Auguet 9, 1881. 

1 c. c. HCI solation contained 0.002)230 gramme CI. 

1 c. c. Ba (OH)s solation before operation = 0.663 c. c. HCI. 

1 c. c. Ba (0H)8 solution after operation = 0.600 c. c. HCI. 

0.063 c. c. HCI = .0002035 gramme CI., eqalvalent to carbonic acid precipitated from 1 c. c. Ba (0H)8 

71 Cla : 44 CO, : : .0002035 CI. : .0001261 COj 

60 c. c. Ba (0H)3 solution were employed in the operation. 
60 c. c. Ba (OH), = .007566 gramme CO, foand: 
Volume of air passed through solution, 20.18 liters. 
Barometer 669™™. Meam temperature of air, 27° Centigrade. 
Volume of air reduced to 760™™ and 0° Centigrade, 16.16 liters. 
Volume of CO, found .003838 liter. 

0.003838+16.16 = .0002377, t. «. there were 23.77 parts by volume of COj to 100000 of air at 760™"» 
and 0^ Centigrade. 
The sky during this determination was clouded. 

Determinaiiona at Mountain Camp, Mount Whitney, 

I. — September 7, 1881. 
1 c. c. HCI =3 .003230 gramme CI. 

Before operation added 4.69 c. c. HCI to neutralize 10 c. c. Ba (OH)^. 
After operation added 4.09 c. c. HCI to neutralize 10 c. c. Ba (OH)^. 
50 c. c. Ba (0H)3 solution were employed in the operation. 
Weight of COa found = .006005 gramme. 
Volumes of CO3 found = .003046 liter. 
Volume air passed through Ba (OH)s = 30.24 liters. 
Volume air corrected for temperature and pressure = 18.52 liters. 
Volumes CO3 per 100000 of air found = 16.44 liters. 
Sky clear. Barometer = 502™™. Mean temperature = 21^ Centigrade. 

II. 

Weight of CO, found = .00729 grammo = .003699 liters CO*, at (P and 760™™. 
Baroo)eter=502™™. Mean temperature = 21.6^ Centigrade. 
Volume air passed through = 30.24 liters = 18.49 liters at 0^ and 760™™. 
CO3 per 100000 yolumes of air = 20.00. 

III.— Sbptbhbeb 8, 1881. 

Weight of COg found in 60.48 liters air = .0158838 gramme. 

Volume COa found at (P Centigrade and 760™<" = .008058 liters. 

Barometer = 502™™. Mean temperature = 20.4*^ Centigrade. 

Volume air used = 60.48 liters ; reduced to (P Centigrade and 760™™ = 37.16 liters. 

Volumes carbonic acid per 100000 of air = 21.68. 

SUMMARY. 



Plaoe. 



Lone Pine 

Mountain Camp 
Do 



Date. 



AUK. », 1881 
S«pt 7. 1881 
Sopt 7, 1881 
Do I Sept 8,1881 

Mean for Mountain Camp, Mount Whitney. 



Volumes car- 
bonic acid 
per 100000 air. 



28.77 
1&44 
20.00 
21.68 



10.87 



AocordiDg, then, to these analyses there is a greater amount of carbonic acid at the lower than 
at the higher altitude. 

It is to be regretted that the method proposed by Miintz and Aubin had not appeared in the 
journals in time to have been applied in the above work. 



CHAPTER XXI. 



GENERAL SUMMARY OF RESULTS. 

PEESENT CONDITION OP KNOWI.EDGE ON THE POINTS INVESTIGATED. 

It is the present belief tbat we know with something like accuracy the araoaut of heat which 
the snn sends the earth, and also that we know in general how the atmosphere acts in keeping the 
earth warm by letting the solar rays pass into it and keeping back others from the soil. It has been 
usual to state that the extreme violet rays are not readily transmitted by our atmosphere; that of the 
light rays about ^ are absorbed and ^ tra'^ismitted, while that as we go on through the extreme red 
to the dark heat rays we find the absorption growing greater and greater, the dark heat rays being 
found in very small quantity' because they are absorbed almost wholly. It is commonly added 
that it is owing to this cause that the heat, which freely enters a% light, escapes with difficulty when 
returned as dark heat in the longer rays corresponding to the lowest portion of the solar heat 
spectrum, and that thus the atmosphere acts to the earth a part somewhat like that of the glass 
cover of a hot-bed, materially' aiding the solar radiation in. maintaining the temperature of the 
planet. The ordinary conception of this heat-storing action then involves the conclusion that the 
dark heat of the known solar spectrum is less transmissible than the light heat, and this presumed 
necessity may possibly have in some degree biased physicists in their investigations on this region, 
where experiments are difficult. However this may be, they have been on this point provided 
with little evidence, so that it was mther taken for granted as a supposed necessity, than indubi- 
tably demonstrated by sufficient experiment, that the dark heat region of the solar spectrum 
was comparatively non- transmissible by the terrestrial atmosphere. A confirmatory circumstance 
to this belief was the fact that Tyndall, and after him others, had proved, by actual experiment, 
that, to such kinds of heat as come from terrestrial sources of very low temperatures, vapors and 
gases known to be important constituents of our atmosphere were almost impermeable. Such 
investigations, it will be remembered, had been made almost solely by the prism, and there was no 
way known of learning what the wave-lengths of this dark heat really were, physicists depend- 
ing for their knowledge of these wave lengths on certain formuhe which had never been verified, as 
they did also in a much more important matter, the determination of the amount of heat which 
the earth's atmosphere diverted from the direct radiation of the sun; a determination which was 
often made in a way which seemed to assume that nature had spared us all the trouble possible, by 
here conducting the whole train of her ordinarily' mysterious operations, in a way so simple that 
the formula expressing them was itself as elementary as we could possibly wish. 

To know what kind of heat was radiated from the soil we should need to know the wave- 
lengths of heat of this quality-, of which even now we remain in ignorance. Draper, in 1881, gives 
the limit of the solar heat spectrum at a wave-length of about 0.001 of a millimeter. M. Becquerel, 
in a memoir in the Annates de Cliimie et de Physique, so late as August, 1883, places the ultimate 
limit of the known spectrum at less than .0015 millimeters, and most explicitly approves the 
statement that these heat rays are lei^s transmissible by the atmosphere than others. Our own meas- 
ures, here given, add the very remarkable absorption band jQ with others, and extend the directly 
observed spectrum to a wave length of nearly .003 millimeters, while making it probable that the 
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traDsmissibility of the atmosphere increases up to nearly this point, where it suddenly ceases, as if 
all beyond were an unlimited cold body. 

Having been led by the study of selective absorption to think that the portion of the sun's 
radiation reflected by particles of dust or mist, or otherwise dispersed in our atmosx)here, is: far 
larger than is commonly supposed, and that the little-known processes by which it is thus with- 
held are of importance in their bearing on problems of the widest interest^ we commenced in 
1880, at the Allegheny Observatory, the study of the solar heat by an instrument (the bolome- 
ter) specially" invented with the object of doing for this heat wbat the eye in the visible pris- 
matic spectrum does for light, that is, of discriminating between one heat ray and another, and we 
have been able to use it so as to determine, together with the hitherto unknown wavelength of 
a great number of dark -heat rays, the hitherto unknown amount of heat actually observed in 
each of these near the sea-level, and to tell approximately the hitherto equally unknown 
amount of heat in each of these dark rays before it was absorbed by our atmosphere. The 
results of these investigations went to show that the heat in most of the known dark-heat wave- 
lengths, instead of being absorbed by this atmosphere, was most freely transmitted by it, a conclu- 
sion directly opposed to the common belief, and, if true, of importance, for all the few known 
observations of physicists seemed to prove the contrary, and meteorologists had generally 'accepted 
these supposed observations. Continuing the heat measurements in the ^Might'' region, I found 
that the heat existed there indeed in greater quantity than in the ^^ dark-heat" region, and yet that 
it had been already greatly more absorbed, so that the original quantity of heat here must have 
been enormous as compared with that in the dark-heat region. All this was studied by narrow 
pencils of heat of different wave-lengths, each one of which was found to be acted on in a dififerent 
degree by the atmosphere, so that the law of its absorption was not simple, but extremely complex. 
Taking such a partial account of this complexity as was possible, I found that the amount absorbed 
was much greater than h<ad been supposed, and that the solar constant^ or heat outside the 
atmosphere was much greater than had been commonly stated, and the primary distribution of 
the rays so totality different from what we see that it seemed that they had originally been heaped 
together towards the blue end of the spectrum, or that the color of the sun, could we see it outside 
the atmosphere, would be bluish, so that media in our atmosphere, which we commonly think of 
as transparent, had been << playing a part analogous to that of a yellowish or reddish glass whose 
impure color is not a monochromatic yellow or red, but a compound of many or even all the 
spectral tinti^ in unaccustomed proportions. Had we in all our lives had no light but the electric 
light, seen only through such a reddish glass shade, we should doubtless believe this reddishness 
the ^natural' color of the glowing, naked carbons, and the sum of all radiations. It would appa- 
rently answer (to a race brought up in ignorance of any other light) to our notion of whiteness. 
Its color would then seem to be no ^ color' at all, and the medium would, in this case questionless, 
be deemed transparent (as we believe our air transparent); and if this medium were removed, and 
the electric light seen in its true whiteness, it could not but seem that it was strongly coloi^.''t 



* Lot me be permitted, for the ase of any reader unfamiliar with the snbject, a very elementary illustration : Our 
observations at Allegheny had appeared to show that the atmosphere had acted with adective absorption to an 
unanticipated degree, keeping back an immense proportion of the blue and green, so that what was originally the 
strongest had when it got down to us become the weakest of all, and what was originally weak had become relatively 
strong, the action of the atmosphere having been just the converse of that of an ordinary sieve, or like that of one 
which should keep back small particles analogous to the short wave-lengths (the blue and green) and aUow freely 
to pass the large ones (the dark-heat rays). It seemed from these observations that the atmosphere had not merely 
kept back a part of the solar radiation, but had totally changed its composition in doing so, not by anything it had 
put in, but by the selective way in which it had taken out, as if by a capricious intelligence. The residue that had 
actually come down to us thus changed in proportion was what we know familiarly as ''white'' light, so th»t white 
is not "the sum of all radiations,'' as used to be taught, but resembles the pure original sunlight less than the electrie 
beam which has come to us through reddish-colored glasses resembles the original brightness. With this visible heat 
was included the large amount of invisible heat, and if there was any law observable in this ''capricious" action of 
the atmosphere, it was found to be this, that, throughout the whole range of the known heat spectmm, what I have 
compared to the atmospheric sieve acted in the opposite way to the common one, or that large wave-lengths passed 
it with greater facility than the smaller ones. 

tSee Young's "The Sun" (first edition) for the views which had been reached on this point at AUegheny before 
the exi>edition started. 
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The simple law which we seem to have established is, then, that (with the exceptioD of the 
cold bands and interruptions analogous to the black lines of the spectrum) the larger the wave- 
length the greater is the transmissibility, down to the utmost limit of the solar-heat spectrum 
which has been observed, and ttiat here the transmissibility suddenly ceased. 

I was slow to admit this myself at first, and much rather disposed to believe that I had made 
some miskake than that there could have l>een so much previous error in the matter. My con- 
clusions were then tested in every possible way without changing the result, and the object of this 
expedition was to test still otherwise and to put if possible beyond a doubt conclusions which if 
true must considerably afifect our whole present view a^ to the region of the action to which we 
owe the preservation of the organic life of the :globe. 

The following summary of the results of the expedition, so far as they refer to the determination 
of the solar constant alone, will direct the reader's attention to certain conclusions to be gathered 
from what has already been state<l at large in previous pages. First, as regards methods of obseiTa- 
tion. It had seemed to me most probable, after nearly two years of observation on the transmis- 
sibility of dififerent kinds of heat through the comparison of high and low sun observations, that 
this method was affected with some constant error of a kind which had never been determined, or, 
in other words, that there was a daily systematic change in the transmissibility of the atmosphere 
between the high and the low sun observations, calculated to afifect their results, and this quite 
independently of any error which might have been due to inability to study the heat in separate 
rays. At the goal of onr expedition we found one of the most perfect climates of the globe for our 
purpose, where the observations of high and low sun at either station could sometimes be made 
in seemingly almost ideal conditions of tranquillity and constancy throughout the day. Appa- 
rently we have found that there is such a systematic error in high and low sun observations at one 
station. This seems to be demonstrated in a convincing manner by calculating at the lower station, 
from our high and low sun observations there, the heat which should be found at a certain height 
Jn the atmosphere; then actually ascending to this height, and finding the observed heat there 
conspicuously and systematically greater than the calculated one. (See page 144 and elsewhere.) 

But we finfl also, by direct ascension in the atmosphere, that there is another important point 
which apparently can never be settled by observations at a single station. It is not the question 
whether the upper air is thinner than the lower, but whether if we take equal weights or 
equal masses as samples of the upper and the lower air, we shall find these equal masses 
possessing eqaal transmissibilities. The experience of previous observers has rather tended to 
give us a contrary opinion, and onr own leaves this important^point in no doubt. We find, as we 
ascend in the atmosphere, its transmissibility {weight for weight) markedly changing, so that on 
the whole, quite independent of its lessening density, the air becomes more and more transmissible 
as we directly ascend in it. (See page 117, etc.) Our present observations further bring us infor- 
mation about the way in which the atmosphere here behaves, not only as a whole, but also as regards 
each spectral ray. We find the transmissibilities, as determined only by actual observation, and 
without the ase of any formula, confirm in the most absolute manner the conclusion that, with the 
exception of the cold bands already noticed, the transmissibility increases throughout the spectrum 
when the wave-length increaseSj the violet being more transmissible than the ultra violet, the blue 
than the violet, the green than the blue, the yellow than the green, the red than the yellow, and 
the border of the dark heat than the red, until when we have gone still farther down the spectrum 
the transmissibility will become almost complete, except for sudden great interruptions of it — 
the cold bands, the largest of which was discovered on Mount Whitney, and will be found 
delineated here in onr spectral charts. (See page 133 and chapters on spectro-bolometer gen- 
erally.) We find also, however carefully determined the t^nsmissibilities are at any single 
station, that the ratio of these transmissibilities to each other may be very dififerent when 
determined by direct comparison of the results above and below. We mean that, for instance, 
the transmissibility of the red ray may be nearly the same whether determined at one station 
or by the comparison between two, but that the transmissibility of the blue ray as determined at 
any single station, even an elevated one, is altogether greater than that determined by combi- 
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Dation of observations made at an elevated station with tboae at a lower one. In other words, 
when we have actually ascended to the elevated station we fin I there a greater proportion of the 
blue rays even than we had been prepared to expect from our observations at Allegheny, and it 
seems probable that all of our previous conclusions as to the predominance of these and the com- 
position of the light outside the atmosphere have been rather within than without the truth. 

We find, then, both that the ordinary method of high and low sun comparisons, under excep- 
tionally good conditions, gives us too large coefficients of transmission, and that the error is 
greater as the ray is more refrangible, the error of the most assiduous observation at one station 
on the more refrangible rays being very marked indeed, and always of a nature to give too small 
a value to the solar constant. These remarks apply not only to heterogeneous rsidiations such as 
are noted by the thermometer, but even to pencils of rays almost physically linear. It is observed 
at the same time as we ascend that the transmission of each ray on the whole grows greater for 
like air masses, but that the proportion in which it grows greater appears also to vary very much 
between the extremities of the spectrum. The fact that like air masses grow more transmissible as 
we ascend, and the fact that non-homogeneous rays as a whole are less transmissible than we cal- 
culate from our present formulie, are not isolated from each other, but have a bond of union in a 
third fact, that the selective absorption of our atmosphere is largely due to distinct particles present 
in the lower air in greater quantit3^ than in the upper. 

From all that has been observed, whether at Allegheny, Lone Pine, or Mountain Gamp, we 
conclude that the action of our atmosphere is incomparably more complex than the ordinary theory 
assumes it to be, and, even were we provided with a much better theory, we repeat that causes 
not yet fully understood, introduce systematic errors into high and low sun observations, tending 
to impair the results of the best observer at one station, and on the whole to lead him to underrate 
the amount of the absorption. It will not be surprising, then, to find that, while our results for 
the amount of this absorption are much larger than those of most previous observers, we cannot 
assert their accuracy within limits as narrow as might be wished. Pouillet gives his result in 
terms of thousandths of a calorie, and so do some of his successors, though probably the use of a 
third place of decimals is not Intended by them to represent the accuracy of their results, even in 
their own opinion. However this may be, it seems certain that the earlier results have been changed 
by amounts significant even in the unit's place ; or if we suppose that only the second decimal is 
significant in the opinion of these writers, we shall find that their error is still fully one hundred 
times as great as what they themselves supposed it likely to be. Warned by this, I shall not 
ask for confidence in the new value of the solar constant beyond at most the first decimal place. 

We have from the observations at Allegheny 2.84 calories. There seems to be very little doubt, 
in view of subsequent experiences, that this value is larger than would have been obtained under 
more perfect observing conditions. We believe, in other words, that during the low sun observa- 
tions at Allegheny the atmosphere is systematically less transmissible as compared with the noon 
observations than it proved at Mount Whitney. The actually observed heat at Mountain Camp we 
have shown w.as about 2 calories. We have already remarked that an extremely useful check upon 
our observations is the value to l)e found by adding to the heat received directly from the sun that 
received at the same time from an exceptionally pure sky. This (in view of the sun's altitude at 
Mount Whitney) will give us a value of about 2.6 calories. The result which we have deduced 
as most probable from our comparisons of the heat at the upper and lower station is 3 07. (See 
page 148.) These are the principal means for our final determination, unless we include one other 
of a wholly difterent nature. 

The earth's actual mean surface temperature being about 15^ or IG^ (Centigrade), and it being 
admitted that the heat from the interior, from the stars, from the dynamic eflect of meteorites, and in 
general from all other sources, is negligible, it will follow that if we know the laws under which this 
heat enters and escapes from our atmosphere, we can determine what amount must be supplied to 
the earth from without to maintain this known annual tempf^rature of 15 or 16 degrees. The time has 
not yet probably come for doing this with certainty, but this method is so wholly independent of 
the others that it may be interesting to us to know its results. Pouillet's data in this respect have 
been modified somewhat by recent observation. Accepting them, however, as approximately true, 
we must admit, if we follow his ingenious course of reasoning (but reject his hypothesis of an enor- 
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mons heat radiation from the stars), that the solar radiation is represented by 3.13 calories. We 
have fixed already, from the nature of the observations on Mount Whitney, as an upper limit to 
the solar constant the value 3.5 calories, and as a lower limit the value 2.6 calories. Between 
these limits we have three independent determinations, without including the method of Pouillet. 
I have already given the reasons which make me deem it unadvisable to attempt to assign weights 
to these determinations and to combine them by any conventional rule. 

The reader has had before him in the preceding pages a detailed statement of the observations 
and methods which have led to these results, and my own inference from them is that in the 
present coudition of our knowledge it is impossible to fix any value of the solar constant with the 
precision which used to be assigned to it ere the difficult conditions of the actual problem were 
known, though I think that it has been clearly shown in the preceding pages that this solar constant 
is greater than has ordinarily been believed. 

My conclusion is that in view of the large limits of error we can adopt thbee galobies as 
the most probable value ofihesohAn constant, by which I mean that at the earth's mean distance, 
in the absence of its absorbing atmosjihere, the solar rays would raise one gramme of water three 
degrees Centigrade per minute for each normally exposed square centimeter of its surface. 

This is approximately 126,550,000 ergs per square centimeter per minute. Expressed in terms 
of meltiug ice, it implies a solar radiation capable of melting an ice-shell 54.45 meters deep an- 
nually over the whole surface of the earth. Somewhat less than two-thirds of this amount reaches 
us at the sea-level ordinarily from a zenith sun, but unless very great precautions are exercised 
we are apt to undervalue this directly received amount. It follows, then, that the selective absorp- 
tion of our atmosphere is not only more diverse in kind, but that the total atmospheric absorption 
is far greater in amount than has been commonly supposed.* 

On other important points our conclusions are as follows: (1) That although the actual solar 
radiation is thus largely increased, yet the temperature of the earth's surface is not due principally 
to this direct radiation, but to the quality of selective absorption in our atmosphere, tcithout which 
the temperature of the soil in the tropics under a vertical sun would probably not rise above —200 C. 
Nearly all the 215 or more degrees of difference between this and the actual mean temperature of the 
planet's surface is due to this selective absorption, which accumulates the heat, though in a manner 
which has not been hitherto correctly understood. It should be understood that these researches 
have here a practical bearing of great consequence. The temperature of this planet, and with it 
the existence, not only of the human race, but of all organized life on the globe, appears, in the 
light of the conclusions reached by the Mount Whitney expedition, to depend far less on the direct 
solar heat than on the hitherto too little regarded quality of selective absorption in our atmosphere, 
which we are now studying. (2) Generally speaking, the radiation which we see enter we see 
escape within the utmost limits of the known solar spectrum. The heat-storing action, from 
checked re-radiation, to which the surface temperature of this planet is due, a[»parently goes on 
beyond these limits where no spectral measurements have yet been made. No such wave-lengths 
as those belonging to the heat radiated from the soil, we believey have ever entered our atmosphere from 
the suny though we admit their existence in the solar spectrum before absorption. These state- 
ments must not be understood as at all implyiug a denial of the action of water vapor, which 
we find probably plays an important part in the phenomena with which we have been dealing. 

The preceding considerations I have limited to the bearing of these observations on meteor- 
ology, but I need hardly point out to the student of solar physics how greatly the knowledge of 
the relative increment of the blue, violet, and ultra-violet region must raise our estimate of the 
temperature at which such radiations were first emitted, or enlarge on the relation of the preced- 
ing work to celestial physics in other ways. 

The observations which have been detailed could hardly have been made at a better site than 
they were, and I know of none in the country as good. All the comparisons of the work herein 
cited as done at the sea-level (at Allegheny), with that at a great altitude, euhance our estimates 
of the importance to meteorology of systematic observations at a very great elevation. It would 



* September 15, 1884.— The reader who may be iadisposed to accept so groat au absorption without farther discas- 
slon is referred for it to an article by the writer in the Amdrican Journal of Science for September, 1884. 
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be of the greatest service to solar physics and to meteorology if an observatory for these objects 
could be established on Mount Whitney, and I strongly recommend the site, for the purposes 
named, as among the most desirable on the North American continent. Until such a permanent 
observatory is established observations made under the extreme difficulties attendant on such an 
expedition as the present cannot possess the accuracy otherwise attainable, and everything which 
has been described as to the hard conditions under which these were carried out will dispense me 
from claiming for the results, where novel, a higher character than that of useful first approxima- 
tions in a field of research where so much of the highest interest yet remains. 

I have already acknowledged my indebtedness to the military members of the expedition, but 
to all, both military and civil, I cannot but remember how much it owes for earnest and helpful 
service beyond what the line of strict duty demanded. To Mr. J. E. Keeler, in particular, whose 
ability and fertility of resource were testM in many varied capacities, and without whom, on more 
than one occasion, we should have failed, particular acknowledgment is due. After the return of 
the expedition, Mr. F. W. Very was joined with him and others in the very long reductions. To 
Mr. Yery's conscientious care, and to his acquaintance with the subject of meteorology, I desire 
to express my great indebtedness, as well as to others who have assisted me in the preparation of 
the volume. 

I cannot close without remembering that the expedition itself, and this account of it, are first 
owing to the generosity of a citizen of Pittsburgh, a friend of the observatory, who does not desire 
the mention of hin name as a donor, but to whom anything of use to knowledge here is primarily due. 

S. P. LANGLEY. 
Allegheny Observatory, Allegheny, Pa., December 21, 1883. 
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APPENDIX 1. 

DISCUSSION OF THE METHOD EMPLOYED IN THE EEDUCTION OF PSYCHROM- 

ETER OBSERVATIONS. 

It is well known that the indications of the psychrometer are only comparable with each other 
when certain conditions of environment are complied with. Regnault himself has experimentally 
investigated the magnitude of thi* influence produced by changed surroundings, and the consequent 
deviation from his theory, and has found it t;0 be great in many instances. As the conditions 
which have been f>und most conducive to accuracy were seldom present in the psychrometer 
observations made during the expedition, it seemed desirable to examine the probable extent of 
their influence, with a view to the further improvement of the results, if this should be found 
possible. Regnaull's formula, adopted in the << Smithsonian Tables" (B, page 12), is 

in which, for slight variations of temperature, the coeflftcient A is nearly constant. 

In the Lone Pine observations f averages about 16° Centigrade, whence ^ ' — ^^ = .000807 is 

the value of A used in the Lone Pine reductions. Regnault's experiments show that in the open 

air a smaller value than this may be used, but in inclosed positions a greater one is necessary, on 

account of the radiation from the walls of the inclosnr^ and in a small inclosed chamber A may 

become as great as .001280. This is the same thing as saying that the depression of the wet bulb 

under these circumstances may need to be increased, for the purpose of our calculation, in the 

^1280 , ^^ 
proportion of g^^ =1.59. 

The surroundings of the psychrometer at Mount Whitney appear to have been very similar to 
the ^4nclosed chamber" of Regnault, and it is worth noting that a comparison of its indications 
with those of a Regnault's hygrometer showed the necessity of a nearly identical correction. 

At Lone Pine the case was more open, allowing a freer circulation of air ; but, owing to the 
constant invasion of dust, it is probable that the wick was seldom in a condition to allow of firee 
evaporation. A number of comparisons of this instrument with a Regnault's hygrometer seemed 
to show that a correction, similar to that deduced for the mountain apparatus, was also desirable 
for the psychrometer used at Lone Pine. 

Table A. 

Comparison* of psychrometer and RegnauWt hjfffrometer, 

[Wind, gentle or oalm.] 



Instniroent. ' Mount Whitney. * ! Lone Pine, t 



a C. 

Drybulb thernioroet4'r 180.62 270.63 

D<»w -point (psychrometer) — 0.45 15.45 

Dew-point (Kfinianlt'ii hycrrometer) — 12.5 8.72 

Depreesion of dew-point (peychrometer) 19 . 07 12 . 18 

Depreeeion of dew-point (RegnMilt'e hygrometer) . . . ; 31 . 12 : 18 . 91 



Ratio 



19 .07""' I 12 .18 •*' 



* Observer. O. £. M. t Obeerrer. A. C. D. 
• It is to be noted that Kegnault-s hygrometer itaelf indicates too low a dew-point when it is exposed to a dry 
wind. (See an article by Cmva, **Snr rhygrom^trie," Jonrnal de Physique, tome II, 2« s6rie, p. 450.) 
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The question of the influence of the wind upon the psychroraeter observations is one which 
requires more careful consideration. 

A few comparisons of the psychroraeter and Regnault's hygrometer, taken during the prevalence 
of a wind described by the observer as "fresh," indicate a diminished factor for reduction of 
depression of dew-point by the psychroraeter to correspond with the sarae quantity as given by 
the Regnault hygrometer.* 

Table B. 

Comparison of psychrometer with RegnaulVs hygrometer, 
[Wind, firesh. Station, Lone Pine. 0l>8erver, A. CD.] 



Dew-point 
(psychrometer). 


Dry-bnlb. 


Dew-point 
(Keg. bygr.). 


0. 

12°. 62 
11 .44 

4 .93 
14 .25 

1 .28 


C. 
190.89 
23 .50 
27 .39 
22 .22 
25 .94 


C. 

90.50 
9 .50 
3 .39 
8 .39 
2 .56 


Mean.. 8 .90 


23 .79 


6 .67 



Depression of dew-point (psychrometer) 

Depression of dew-point (Regnault's hygrometer) 



Katio. 



140. 89 
17 .12 

1 .16 



The sumraary of Lone Pine observations, in Table 150, shows an apparently systematic variation 
in the computed force of vapor with varying velocities of the wind as follows : 



Average values from a smooth curve : 



m m. 



Calm 8.8 

Gentle 7.5 

Fresh 6.1 

Brisk 4.5 

Gale 3.8 

The extreme values of 8.8 mm. and 3.8 mm. for "calm" and "gale,'' respectivly, correspond to 
dew-points of 9o.4 C. and — 2o.4 C, and if the reduction were due to air-currents about the psychro- 
meter, assuming an air temperature of 30^ 0. we should have 20o.6 0. and 32^.4 O. for the de- 
pressions of the dew-point in the two cases, the ratio of which is 1.57, a smaller change than that 
observed by Regnault, who has demonstrated the ett'ect of the wind upon the psychrometer by 
passing dry air with various velocities through a tube containing a wet and a dry bulb thermometer. 
(See Annals de Chimie etde Physique, 3® s^r., tome XV, p. 201.). 

The following are some of his figures : 



(1) 

(2) 



V. 



I <-f. 



c. 

140.96 
14 .96 



O. 

7°. 58 
4 .33 



O. 

70.88 
10 .63 



Flow of air 
in ODO second. 



I 



Cu. cm, 
13.3 
84.5 



As reduced by the ordinary tables, no account being taken of the wind, these values would be 
obtained : 



Temperatne Temperatore DepreMion of 
of air. ; of dew-point. I dew-point. 



From (1). 
From (2) 



O. 

150.0 
15 .0 



a 

- 30.3 
.37 .7 



o. 

180.8 
52 .7 



For complete record of above observations see pages 171, 172. 
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The above numbers illustrate the wide divergence of results computed by the tables from 
such unusual experiments, as well as the marked action of the wind when very dry. 

A comparison of (1) and (2) shows that with a velocity of wind 6.35 times as great the depres- 
sion of the wetbulb was 1.44 times as great, and the calculated depression of the dew-point was 
2.88 times as great as when a moderate velocity of the air current was maintained. 

It must be remembered that the absolute dryness of the air used in these experiments of Reg- 
uault increases the errors in question to their greatest possible extent. 

If the diminution of aqueous vapor with increasing wind which was observed at Lone Pine 
had been altogether an instrumental effect, produced, for example, by imperfect evaporation from 
a wick incessantly clogged with dust, the difference between the indications of the psychrometer 
and Regnault's hygrometer should have progressively diminished with the increment of the wind, 
and should even have been obliterati'd during a gale; but while the comparisons in the table give 
some support to this explanation, it is probable that some part of the observed diminution in the 
indications of the psychrometer with increasing wind is not an instrumental peculiarity, but an 
actual fact, since the prevailing winds at Lone Pine have blown across a wide expanse of desert, 
whence it may well happen that an increasing wind should systematically diminish the absolute 
amount of moisture by bringing into this arid region increasing quantities of the still drier air of 
the desert. 

Tlie observations on top of the mountain are not sufficiently numerous to afiford much help in 
regard to this subject. So far as they go, they afford no indication of diminished moisture with 
increasing wind. Whether this is owing to the instrument case being ^'as well shielded from air- 
currents as could be obtained '^ is an open question, but it raises a suspicion in regard to the mag- 
nitude of the supposed influence. 

It is to be noted that when the southeast wind, so prevalent at Lone Pine, blew on the mount- 
ain (which happened but seldom) it produced a diminution in the absolute moisture. (See, how- 
ever, the description of the environment of the Mountain Camp and its probable influence on the 
wind, page 180.) 

It must, therefore, be concluded that a part of the diminution in the psychrometer indications 
observed to occur at Lone Pine with increasing wind must be attributed to instrumental peculiari- 
ties, and a part to the desert origin of the wind, but the proportional part to be ascribed to either 
influence remains uncertain. 

While the dew-points observed with Regnault's hygrometer were probably hardly numerous 
or accurate enough to be used for correcting Regnault's psychrometer formula, it seemed possible 
that they might be employed to determine an empirical correction which, applied to the indications 
of the psychrometer, would counteract the effect of the prejudicial influence from the instramental 
envii-onment. The opinion of the Signal Service was therefore sought. 

Letter of Prof, S, F. Langley to tl^e Chief Signal Officer, United Statee Army, 

Alleghent Observatory, 

Xovember 21, 1881. 

Sir: It was the opiuion of Professor Abbe that results obtained on Monnt Whitney by the wet anddry bnib 
might be of doubtful precision, owing to the exceptional atmospheric conditions. I therefore made observations si- 
miiltaneonsly with the Regnaalt hygrometer, the results so far justifying Professor Abbess prediction that they are quite 
discrepant with each other. As the treatment of the case involves questions of some importance, I send a copy of our 
preliminary reductions of these few cases where we have simultaneous readings of both instruments. 

An opinion from the Signal Office as to the relative value of these instnimen tally discrepant determinations I 

should receive with interest. 

8. P. LANGLEY. 

General W. B. Hazkn, Chief Signal Officer, United States Army, 

In regard to the above the following remarks by Professor Abbe were received from the Ohief 
Signal Office : 

Memorandum dated Xovember 26, 1881. RtmarlcM on 4023 Mia,, 1881. 

The observations at Mount Whitney and Lone Pine, as communicated by Professor Langley, show larger discrep- 
ancies between the dew-points observed by Regnanlt*s apparatus and those computed by the psychrometer than are 
usually found. For instance, on page 2, at the lower camp, altitude 12,000 feet (barometric pressure uot stated, bat 



220 EESEAEOHES ON SOLAR HEAT. 

assumed to be about 20 inches), for dry-bulb 63^ F. and for wet-bulb 45^ F., the Regnault fonnula gives a computed 
dew-point of about 26° F., while the observeil dew-point is 9.5° F., or lower by 16.5° F. The similar comparative ob- 
servations made at Lone Pine give observed dew-points almost always lower than computed according to Professor 
Laugley by quantities varying between 0° and 18° F. The former of these observations relates to an atmosphere 
whose relative humidity is 10 or 25 per cent., but for observations at Lone Pine the relative humidity is not given. 

These discrepancies are much larger than those found by Regnault, Blanford, Belli, and others who have made 
similar observations in dry atmospheres and at low pressures, and I think that the explanation must consist partly in 
the errors incident to the use of the dew-point apparatus. Any more definite statement than this is impossible, owing to 
the fact that nothing is said by Professor Laugley as to whether he has corrected for barometric pressure and the 
errors of bis thermometers. The apparent effect of the wind is such as to indicate that he used thick wlcking 
in place of thin muslin. His empirical reductions for wicking and for wind are plausible, but shoald be founded on a 
large uamber of observed dew-points before being adopted. If he still has the apparatus he should repeat these ob- 
servations in the dry winter air. 

Unless I know by personal inspection how carefully the dew-point apparatus was handled I should advise the 
adoption of the psychrometer work. If the observed dew-points are considered reliable per $e, they can hereafter be 
utilized in connection with those made throughout the world to improve on Regnault's psychrometer formula, which 
latter work has been undertaken by several, notably Belli. (See Zeitschrift ftir Meterologie, 1880 and 1881.) 

In accordance with the advice of Professor Abbe, the bygrometic indications of tbe psychro 
meter have been adopted without further correction. 

Note by Professor Abbey January 31, l&ii, — Not only did the meagerucss of the data sent by Professor Laugley forbid 
deducing an empirical correction applicable to his psychrometric results, but from a theoretical point of view it is 
probable that the use of thick wickiug on the wet-bulb so protected it from the direct influence of radiation that 
even when t-l' was large the correction for this item was reduced to a minimum ; in other respects, of course, the use 
of thick wickiug is objectionable, but as the Regnault dew-point apparatus in very dry air and low dew-points gives 
too low results, I think it preferable to retain Langley's psychrometric results and reserve the observed dew-points for 
further discussion. 



APPENDIX 2. 

EXPERIMENTAL DETERMINATION OF WAVE LENGTHS IN THE INVISIBLE 

PRISMATIC SPECTRUM. 

(Note. — The following investigation was made at the expense of the Bache fund, and is published here by the 
permission of its trustees.) 

In September. 1881, while eugaged upon Mount Whitney, in measuring witL a linear bolometer 
the heat in the invisible spectrum of a flint pi ism, I came upon a hitherto unknown cold-band* 
whose deviation indicated a (probably) very great wavelength. We have had up to the present 
time no way of measuring such wave-lengths directly, but are accustomed to determine them by 
more or less trustworthy extra- polat ion formulae, the best known of which is Cauchy's. Accord- 
ingly, I attempted to calculate the wave-length by Cauchy's formula, but was at once conducted 
to an impossible result. The formula, in other words, declared that no such index of refraction 
as I had measured was possible in the prism in quesuion. But the measurement was a fact beyond 
dispute, and this drew my attention to the grossness of the errors to which the customary formulas 
may lead. 

Every prism gives a different map of the spectrum, nor when we find a band or line by the 
prism have we any means of fixing the absolute place, except by a reference to the normal or 
wave-length scale, or to one derived from it. 

It is desirable to define, at the outset, the sense in which the term '^ normal^ is here used as 
a synonym for '^wavelength" spectrum. 

The amount of energy in any region of the spectrum, such as that in any color, or between 
any two specified limits, is a definite quantity, fixed by facts which are independent of our choice, 
such as the nature of the radiant body, or the absorption which the ray has undergone. Beyond 
this, nature has no law which must govern us in representing the distribution of the energy, and 
all maps and charts of it are conventions. 

If the length of the si>ectra formed by any two different agents, such as a prism and a grating, 
be made equal, it does not then follow that the lengths of similar portions must be equaL In tbe 

* Since designated as ^*Q" 
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case supposed we observe, in fact, that the red portion (for iDStance) of the prismatic spectram 
will be narrower than the red portion of the second. Bat since the amount of energy in the red 
most be really the same in both, we must, in a graphic representation of this energy, increase the 
height of the ordinates in the red of the prismatic spectrum, so that the areas shall remain the 
same. 

The position of the maximum ordinate is, then (in one sense), a matter of choice, and fixed 
only by the scale we elect to employ. We find, for instance, in the prismatic spectrum, that this 
ordinate is in some part of the infrared, depending on the particular prism used, while in the 
grating spectrum it is, under the same circumstances, always in one part of the yellow; and we 
might conceive of an apparatus which should always exhibit it in the ultra-violet, or which should 
even show the same energy at one wavelength as at auy other, or embody any other arbitrary 
mental picture of it. It is certainly a practical consideration of the first importance that no such 
apparatus actually exists; but still, whether it exists or not, in so representing the distribution 
of energy we should break no law except that imposed by considerations of simplicity and con- 
venience. 

Did the word "normal'' then signify "absolute" there would be no spectrum exclusively 
entitled to such a name; but in this connection the word is always to be understood in its radical 
meaning of an accepted rule or type of construction. Such a type exists in the wavelength 
spectrum, and it has obtained general acceptance, not only on account of its simplicity and 
convenience, but of its, at present, unique claim to be a " natural " one. It is properly distinguished 
as the "natural" scale Irom its not merely representing a mental picture of the distribution of the 
energy under a very simple law, but of actually being that which we do produce by our most 
efficient optical apparatus and make visible and measurable at will. 

While we remain at liberty, then, to represent the energy spectrum in terms of the wave- 
frequency or of the reciprocal ot the square of the wave-length, or of any other function of it, and 
while we may often find occasion to use these scales for some sx>ecial pur|>oses, we are (and all the 
more especially that we habitually speak in terms of the wave-length) led by considerations of a 
very practical kind to take as our normal or standard scale that of the wave-length itself. 

Since we have this normal spectrum actually before us, through the concave gratings 
constructed by Professor Rowland, it may seem as though we might dispense with the prism, but this 
is not as yet possible for the lower part of the spectrum, where overlapping spectra and feeble 
heat here make the use of the grating too difficult. If we could use the solar energy here, not in 
the form of heat, but of chemical action, as in photography, a great advance might be made; and 
there is reason, I believe, to hope that the labors of Professor Rowland and Captain Abuey will 
ere long do this for us with precision. At present, however, we have only heat, and the thermo- 
pile or the bolometer, which latter, though less sensitive than the camera, can be made, as I shall 
show, to determine experimentally within known limits of error, the actual wave-lengths corre. 
spending to given indices of refraction, and hence to afibrd here valid experimental data for passing 
from the prismatic spectrum to the normal one. The reason why this so desirable information has 
never been obtained before is twofold: (1st) While the measurement in question can best be made 
by means of a prism and grating conjointly, the heat, which in the lower prismatic spectrum is 
very faint, becomes almost a vanishing quantity when it has passed the grating also, where the 
heat is on the average le^s than one-tenth that from the prism. We must use, too, if possible, a 
narrow aperture to register this heat, for a broad one might (on account of the compression of the 
infra-red by the prism) cover the whole field, in which its work should be to discriminate; (2d) We 
must have not only an instrument more sensitive than the common thermopile, but we must devise 
some way of fixing, with an approximate precision, the point at which we are measuring when 
that point is actually invisible. 

The apparatus I have devised for this double pur{)ose has done its work with a degree of 
accuracy, which, if it may be called considerable, as compared with what we have been used to 
in heat measurements, is yet necessarily inferior to that obtained by the eye, and less than we may 
hope for at some future lime from photogiaphy. Nevertheless, it has, I believe, given experi- 
mental data, very far outside the visible spectrum, by which we may either construct an empirical 
formula and supply its proper constants so that it will be trustworthy within extended limits, or 
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test the exactness of such formul8B as Cauchy's, Redtenbacher's, &c., which, while professing a 
theoretical basis, only agree in their results within the limits of the visible spectrum (from which 
they have been in fact derived, and where they are comparatively unneeded). They contradict 
each other, as will be seen, as soon as they are called on for information, in the region outside of 
it, where they would be chiefly useful. 

The present work has been preceded by a new map of the invisible prismatic spectrum, where 
the abscissae were proportional to the deviations in a certain prism (see Plate XI); and the 
immediate object of this research is to pass from the arbitrarily spaced prismatic scale, belonging 
to the particular prism in question, to a map on the normal and al)solntely general one. 

I should perhaps make the cautionary remark, that the general conclusions here offered, as to 
the relation of wave-lengths and indices of refraction, have been drawn from observations on a 
single prism and have not been experimentally verified on others. This is on account of the 
extremely slow and laborious character of the process used (which has involved some mouths of labor 
for this special prism). Though there seems no reason to doubt the generality of our conclusions, 
it may be hoped that these experiments will be repeated with prisms of other material, and by other 
observers, now that the preliminary obstacles have been removed. 

In order to map the spectrum on the normal scale, where the wave-lengths are equally spaced, 
from such a map as that shown in Plate XI ('^Prismatic Spectrum"), in which the consideration of 
wave-lengths does not enter, it is necessary to establish some relation between the wave-lengths 
of rays and their deviations, or between their wave-lengths and refractive indices, which are con- 
nected with the deviations by the well-known formula 

(a+d) 



sin 

«= ^- 

a 
sing 

where a = the refracting angle of the prism, d = the deviation, and n = the corresponding index 
of refraction. lathe visible spectrum the deviation, in any prism, of the Fraunhofer lines (whose 
wave-lengths have been very accurately determined) can be measured by means of an eye-piece with 
cross- wires; and, from a sufficient uuQiber of such measurements, by making ordinates propor- 
tional to indices of refraction (or to deviations) and abscissa) proportional to wave-lengths, a curve 
may be found whose equation is n = (^)X or d = (<f)Xj representing the required relation to any 
degree of exactness. 

In the invisible spectrum the difficulties are immensely greater, and demand special means, not 
only on account of this invisibility, but owing to the absorption of the prism and to its compress- 
ing the rays. 

The prism here used was made by Adam Hilger, of London, and its optical propertes are in 
every way satisfactory. It is of a white flint, which has proved singularly transparent to the 
longest solar waves. Its principal constants have already been given (p. 130). 

APPARATUS FOB MEASURING OBSCURE WAVE-LENGTHS. 

In 1882 an apparatus was employed in which invisible rays, after passing through the Hilger 
prism, at a known deviation, fell on a Rutherfurd reflecting grating (either of 681 lines to the 
millimeter or half that number), from which the diffracted invisible ray fell on the bolometer at a 
measured angle with the gi*atiug. By the use of the known formula (n a A=«tn % -t- sin r) connect- 
ing the angle of diflfraction with the wave-length, the wave-length was then found. 

Several determinations were thus made of wave-lengths in the upper part of the infra-red, 
where the heat is relatively great; but, though the definition of the Rutherfurd grating was 
admirable, it was not large enough to supply sufficient heat to enable measures in the lower 
infra-red to be made with confidence. 

In May, 1882, I had the good fortune to secure one of the very large concave gratings, then 
newly constructed by Professor Rowland, and which he was kind enough to make for me of a 
very short focus, so as to give a specially hot spectrum. After many essays, during which a great 
number of mechanical and optical arrangements for getting rid of the superposed spectra were 
tried with unsatisfactory results, it became clear that, for this large and concave grating, it was 
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necessary to let the ray fall first on it nnd then on the prism, thus making tfae wave-length the 
IcDOWD, and the deviation the unknown, quantity. 

In the use of this fonn of grating the slit is placed in the circamference of a circle, whose 
diameter is equal to the radius of carvature of the grating, and which touches it« surface. The 
spectra are tbeu formed, without the need of collimator, observing telescope or any further 
apparatus, all lying upon the circamference of tfae circle which contains the slit. The grating 
which was employed contains 18,050 lines, 142 to the millimeter (3,610 per inch), mled on the snr- 



F^.J7. 




fHce of acoucavo mirror of speculum metal of l^.OS (64 inches) radius of curvature, and exposes a 
mled surface of 129"° (20 square inches). By this large surface a apeclrum is protluced »uffl- 
' ciently hot, even in its lower wave-lengths, to effect the bolometer strips after the various reflec- 
tions and absorptions to which tbe beat is necessarily 8ubjecte<l in passing tliroogh tfae apparatns. 
Figure 17 illustrates the means Dually adopted, and the conrse of tbe rays through the appa- 
ratus; althongb, for tbe sake of distinctness, the mechanical devices used to maintain the proper 
arrangements of the parts are omitted. The rays of light, coming from the 12-incb fiat mirror of 
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the large sideroetat, pass across the apparatus, and fall upon a 7inch concave speculum at M, by 
which at a distance of about 5 feet they are converged to a focus at Si. At this poiut is a vertical 
slit, adjustable to any desired width by a double screw, which moves both jaws at once, so as to 
keep the center always in the same place. This slit is protected from the great heat by a plate of 
iron pierced with an aperture only a little larger than the slit when open to the usual width. 
Beyond Si the rays diverge and fall upon the concave grating G. Directly opposite the grating is 
a second slit, Sj, also double acting, and the apparatus is so arranged that the two slits Si, S9, and 
the grating 6, always lie upon the circumference of a circle, whose diameter is 64 inches; and there- 
fore in whatever manner the slits may be placed, the light coming through Si forms a sharp spec 
trum upon S2. A very massive arm carrying the grating, the slit S2, and the heavy spectro-bolom- 
eter, is pivoted at the center of the circle, so that the relative positions of these parts are un- 
changed. The slit S2 is automatically kept diametrically opposite the grating, and on the normal 
to its center. 

The slit S2 is the slit of the spectro-bolometer, provided with the same attachments as when 
used for mapping the visible spectrum (except that it is now fitted with simple collimating and ob- 
jective lenses of the same special kind of diathermanous glass as the prism, instead of its own con- 
cave mirror). Its eye-piece and the bolometer are interchangeable. 

By means of the eye-piece and graduated circle, the deviation and consequently the refractive 
index of the rays passing through the slit can be determined, if they are visible. If they are in- 
visible, their exact wavelength is known by a simple ocular observation of the visible ones, on 
which they are superposed by the action' of the grating, while their subsequent deviation is deter- 
minable by the bolometer placed at B, provided they retain sufficient energy to afiect the instru- 
ment. It will be seen that according to this method all those invisible rays which are n times the 
definitely known length of some visible ray are caused to pass together through a slit, and then 
through a prism, which sorts out the ray of the first spectrum from that of the second^ that of the 
second from that of the third, and so on, so that the corresponding index of refraction may be de- 
termined by observation with the eye in the case of the visible, with the bolometer in that of the 
invisible ray. 

To illustrate the use of the above described apparatus under somewhat unfavorable circum- 
stances, let us consider as an example the observations of June 13, 1882, which were taken far 
down in the spectrum where the heat is feeble and the galvanometer deflection small, requiring a 
widely open slit. The apparatus having been lU'eviously adjusted, and the sunlight properly di- 
rected by the siderostat, -the visible Fraunhofer line D, of the third spectrum of the grating, was 
caused to fall upon the slit S2 of the spectro-bolometer. Then, according to the theory of the 
grating, there passed through this slit, rays having the wave-lengths — 

0^1. 589 (3d spectrum, visible). 
1. 178 (2d spectrum, invisible). 
1. 767 (1st spectrum, invisible). 

The prism having been removed, and the telescope brought into line, an image of S}, of the 
same size as the slit itself, was formed in the focus of the object lens, and on testing with the bolom- 
eter, whose face was covered with a card-board screen pierced centrally with a 2"™ slit, the heat 
of this image produced a deflection of the galvanometer needle of about 30 divisions. The prism 
was then replaced on the automatic holder and set to minimum deviation, and the image of the 
slit, containing superposed rays whose combined effect had produced the deflection just mentioned, 
was separated into three similar images (as in Fig. 18),* each composed of nearly homogeneous 
rays, and of same dimensions as the slit S2. Of these three bands only the first or most refrangi- 
ble, containing the D] line, was visible, and its deviation was found to be 47^ 41', agreeing with 
the value given by the table. It was the object of the experiment to find the place of the lower 
invisible band, by groping for it, i. e., to determine its deviation by trials with the bolometer at 
intervals sufficiently close to avoid the possibility of missing it altogether. According to Briot's 
formula, the deviation should be 46^ 21', and in the preliminary search the circle was accordingly 



* These three images, beiog composed of rays of different wave-lengtbs, could not all be in focas at the same 
time, since the collimator and objective of the spectrometer vfere simple lenses. The lenses were adjusted by means 
of a table of focal distances previously prepared, so as to throw a sharp (invisible) image of the baud to be detected. 
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set to this reading. BegiDiiiug at this poiut, and exposing the bolometer at every five minutes of 
deviation, it was foand that the maximum effect was obtained nearer 45° 15'. The approximate 
position haviog thns been foond, the slit S| was narrowed to 2"", nod the following measurements 

jf/- ■'7' .p" ^ ''^^ ^' ^J' 




Spactl-uin formad by Priam In dBtsrmlnaUon at WaTe'leng-thB. 

taken, the horizontal line giving tbe meau resalta of a series of tblrt; exposures of the bolometer, 
as it was moved through the spectrum. 

Table C. 

MeOioA of finding r^ranglbililg o/fttblt heal raf. 

Frlamktlc doTisUon 4MB > 4S.0T 4S.10 I «.lt ' U.M 

Uhd* of KBlTuiomeWr rudtDRs !.« &« 0.0 . S.a I 2;T 

The maximum reading at 45° W correspouda to a coincidence of the 2mm. bolometer aper- 
ture with the 2mm. invisible image of the slit, whose position is sought. From a subsidiary 
curve drawn through the points whose co-ordinates are respectively. ~ 

(a;=45o 02', »=4.6), 

(37=45° 07', y=5.6}, 

t«=45o 10', y=6.0), &c., 

it was concluded that the deviatiou of rays whose wave-length is 1.767 is 45° 10', and each 
point in this determination being obtained from the meau of five observations, the result is partly 
free from irregularities caused by changes in the state of the shy, and miuute instrumental varia- 
tions from extraneous causes, which here become of great relative importance, owing to the feeble 
heat measured. 

Subsequent determinations, like the preceding, gave for the deviation of the same ray 45° 00' 
and 45° 07', and from a consideration of all the deviation adopted was (instead of 45° 21', as given 
by Briot's formula) 45° 08', corresponding to a refractive index of 1.5549. 

By means of measuremeuts like the one described above, the deviations of various obscure 
rays of known wave-lengths were determined. The indices of refraction were then computed by 
the usual formula 

8ini(fl + d) 

" - Biiij a 

where a=62° 34' 43". Tbe results are contained iu tbe following table, where, however, only the 

results of successfnt days are given, most of the observations having been loct through changes 

of the sky during the course of one determination:* 

Table D. 

Ej:pirij»atitol dcterwanatio* o/d or d a> a/anctioa of A {Bilgtr pritwi). 
Dite or obHnlttoiu 



I April 1! .. 
I AprilB- 



■'I'V* 



i.M«>o.oaw I 

I.UB±0.IM*1 I 

i.u«la.oiio , 



'All tbese ob«erv»tioDa for discovoriDg tbe relution betweeu a and A cad be conducted witb at l«aat aa nioob 
adrantage by a powerful and nonstaat electric light as by aaDllgbt. Tbe lattnr only, howerer, was at the observer'a 
actnal command. 
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226 RESEARCHES ON SOLAR HEAT. 

We observe that, where measures are taken in the prismatic spectrum alone, we can generally 
use with advantage a bolometer of as small an aperture as one fifth of a millimeter; but that 
here it is advisable to open it to 2mm., owing to the relative expansion of the spectrum, and to 
the very feeble heat. Where such measures are taken in the shorter wave-lengths of the infra- 
red, i. €.<f in the upper (invisible) grating spectrum, they are comparatively easy from the greater 
heat, and can be made with a narrow aperture; but where in the lower invisible spectrum, as 
here, they grow more and more difficult as the wave-length increases, so that if we could repeat 
each observation often enough, we should determine a separate probable error for each point of 
the curve. 

Owing to difficulties arising from the almost infinitesimal amount of heat in question, numerous 
subsidiary observations are requisite for a single determination, which it therefore takes long to 
make, the probable errors in the table being found in each case from between 20 and 100 readings. 
If it should possibly appear to the reader that in the three months of consecutive labor which were 
given to this part of the work, more than six points might have been determined in the curve, he 
is asked to remember that what is here difficult has till now been impossible. If we treat, in such 
a case as that given above, the discrepancy of the cited determinations as being fairly typical (as 
they appear to be), we shall obtain a probable error of about one minute of arc, and a comparison 
of the difierent points with each other on the large curve exhibited indicates a similar result. It 
will not appear improbable that this accuracy of setting should be attained by a bolometer whose 
face covers many minutes of arc, when it is noted that in the given instance nearly 100 readings 
are taken to fix the single determination. The error in the determination of a wave-length, again, 
for one and the same error in deviation, increases rapidly as we go down the spectrum. If, then, 
we regard the deviations as being correct, and ask in turn what the probable error of the corre- 
sponding wave-length is, as given by our curve, we find that this probable error of A varies at each 
point, but that it but slightly exceeds a unit of the second decimal place, in any case, for an error 
of deviation ol one minute of arc. The most satisfactory evidence, however, as to the degree of 
accuracy attained, is derived by an inspection of the curve of observation on the original charts. 
For we are now prepared to draw a curve expressing graphically the relation between deviations 
or refractive indices and wave-lengths, extending throughout both the visible and invisible parts of 
the spectrum. Plotting the points given by the data in Table D, and drawing a smooth curve 
through them, we obtain the <^ curve of observation" showing n as a function of X in the lower curve 
of Plate XIX, and ^ as a function of X in the curve of Plate XX, where the points obtained by 
observation are distinguished by small dots. 

There would be no gain in accuracy, at this stage, in attempting to work from a formula rep- 
resenting the equation of the curve obtained, as the graphical construction is fully as trustworthy 
as the data. This I say with special reference to the large original charts* which have been drawn 
by Mr. J. E. Keeler, of this observatory, and which seem to me favorable specimens of the accu- 
racy attainable by this method. 

We are now prepared to test the accuracy of the various formulae connecting refraction with 
wavelength, though it will be convenient to first prepare a table showing what this relation is in 
the visible part of the spectrum of the prism employed. 

In the following table the deviations in the visible spectrum were measured by the spectro- 
meter, reading to 10^' of arc, which has been already described, in which for this special purpose 
the bolometer was replaced by an achromatic observing telescope with a micrometer eye-piece, and 
the indices of refraction were computed by the usual formula. ^^O" in the ultra violet was meas- 
ured by aid of a Soret fluorescent eye-piece, and its wave-length is from Cornu. The other wave- 
lengths are taken from Angstrom. But the unit is here the 9>iforon = y^^ millimeter = (10,000 
times the unit of Angstrom's scale). ^^X^ is here the symbol for the wave-length. 



* These origiDal charts were exhibited to the members of the National Academy of Sciences, at Washington, in 
April, 1883. The engraving here given in iUnstration, being on a mnch reduced scale, will merely indicate the exact- 
ness of interpolation possible by the originals. 
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The following iDdices in the visible spectrnm on which the computations for testing the for- 
mnlsB are founded are trustworthy to the fourth decimal place here given : 

Table E. 

Observed indices in risible speetrum of Bilger prism. 



Line. 


A 


d 


n 


A .*. 

C 

Di 


1* 
0.76000 
0.66618 
0.58800 
0.51667 
0.48606 
0.30670 
0.34400 


O 1 II 

46 40 05 

47 15 45 

47 41 15 

48 21 05 
48 44 16 
50 84 05 
52 43 00 


1. 6714 
L5757 
1.5708 
1.5862 
1.5800 
1.6«i70 
L6266 


Bi 


P 


Hi 

O 





A smooth curve drawn through the points, whose positions are given by the above table, rep- 
resents with accuracy the relation between n and X in the visible part of the spectrum. Tbis 
method is, however, obviously inapplicable to the very extended invisible portion below the A 
line ; and accordingly attempts were first made to effect the determination of corresponding indices 
and wave-lengths by extending the curve derived from the above observations by means of for- 
mulae. Several formulae have, it will be rememl>ered, been proposed by physicists, expressing n 
as a function of A, and containing constants which are to be determined by observation. But it 
has never hitherto been possible to test these formulas far from the visible spectrum, whence their 
constants have been in fact derived. 

This desirable test we are now prepared to apply. The simplest as well as the most widely, 
used formula is that of Cauchy, which, as it is commonly written, 

contains three unknown quantities requiring for their determination three simultaneous equations. 
Selecting the lines A, D, and H for this purpose, we have from the table just given the three 
equations — 

be be 



1.5714 = a + 



(0.76009)« ^ (0.76009)* 
1.6070 = a + 



1.5798 = a + 



+ 



(0.58890)* + (0.58890)* 



(0.39679)2 ^ (0.39679)* 
from which by elimination 

a == 1.5593, b = 0.006776, 

so that for this prism, the formula becomes. 



c = 0.0001137, 



n = 1.5593 + 



0.006775 . 0.0001137 



A* 



+ 



X* 



which, we find on trial, satisfies the observations in the visible part of the spectrum within very 
narrow limits. When, however, we attempt to extend the application of the formula to the infra- 
red region, its results are not so satisfactory. Since b and c are both positive, the least value 
which n can have, in our prism; according to the formula, is a, or 1.55'J3, corresponding to a 
deviation of 45^ 35', whereas the bolometric measurements sbow that in this prism the solar 
spectrum, after absorption, extends as low as 44^, with every sign that if it do not extend yet farther, 
it is not on account of the prism, but because below this point the heat is absorbed by some ingredient 
of our atmosphere. 

We conclude, then, that Cauchy's formula gives grossly erroneous results, when extended far 
beyond the limits within which the observations on which it is founded are made. Its implicit 
assertion that the lower limit of the prismatic spectrum (however great the wave-length of the 
ray transmitted) is not so far below A as A is below D, is absolutely contradicted by these 
experiments; and all extra- polations made by it, far from the visible spectrum in which its constants 
have been determined, are wholly untrustworthy, as will appear more fully later. 
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Bedtenbacher proposes the formula 

for expressing the same relation. Using the same lines as before for determining the unknown 
constants, we have for the Hilger prism 



= 0.412297 - 0.000937 11X» - 



0.0 039220 



a formula which also satisfies the observations in the visible spectrum, but fails when extended to 
the invisible. The curve representing it has a minimum point, corresponding to ii = 1.5647, for a 

value of X found from the equation A* == ^, or, in the special case of the formula above, where ^ is 

positive, A = 1.430; so that for every value of n greater than 1.5647 there are two real values of A. 
This formula, therefore, is even less satisfactory than that of Cauchy. 

Briot gives a formula which has been asserted by other investigators* to represent satisfactorily 
the results of observation throughout the whole spectrum, namely : 



^«+ '©+<?>'© 



From four equations like this, using values of n and A, corresponding to the Fraunhofer lines 
A, G, F, and H, the values of the constants were determinedt as follows: 



a = 0.41028, 



ft =-0.0013495, 



c= -0.000003379, 



Af= + 0.0022329. 



With the aid of these constants, the wave-lengths corresponding to given refractive indices 
were computed, and a curve representing the formula was plotted. This curve, as well as those 
representing Cauehy's and Bedtenbacher's formulsB, is shown in Plate XIX, where we may obtain 
by simple inspection the actual errors of all the formulae in question, or we may take them from 
the following table, whose results, I hope, will supply useful data for those who are interested in 
theories of dispersion. 

Table F. 



ApprozimaU error$ in wave-Umgik» hjf BrioV^j Caucky^s^ and Redisnhacker's formula, for cold hands in infra-red. 

{Compariton of theories with observation). 



WftTe-lengUis derived by extrmpolation. 



Bjobeerra- 
tioo. 



Obeenred. 



From Briot's 
formiiU. 



From Caochy's 
formal*. 



From Bedtenbacher's formula. 



X 



1. 5714 
1.5007 
1.5<87 
L5«78 
1.5974 
L5688 
1.5038 
1.5618 
1.5804 
1.&578 
L5572 
L5644 

U> 

5533 
1.5520 
1.5515 



Valae. ' Error, i Value. : Error. ' I. Value. 



Error. IL Valae. I Error. 



•W 



0.780 
0.815 
0.850 
0.890 
0.910 
0.940 
1.130 
1.270 
1.380 
L540 
L580 
L810 

to 
1.870 
1.980 
2.030 



a 780 
0.815 
0.850 
0.801 
a 911 
0.942 
L170 
1.338 
L450 
1.750 
1.800 
2.105 

to 
2.280 
2.480 
2.524 



0.000 
0.000 
0.000 

a 001 

0.001 
0.002 
0.040 
0.086 
0.090 
0.210 
0.220 
0.296 
to 
0.390 
0.480 
0.494 



0.780 
0.818 
0.853 
0.900 
0.920 
a980 
L270 
1.730 
2.480 

CO 
CO 
CO 



CO 
00 
CO 



0.000 
0.003 
0.003 
0.010 
0.010 
0.020 
0.140 
a480 
1.100 

CO 
CO 
CO 

CO 
QO 
CO 



a 780 , a 000 

0.820 0.005 

0. 882 0. 012 

0. 915 0. 025 

0.941 0.031 

0. 990 0. 050 
Imaginary. 



2.230 < 1.340 

2.170 I L260 

2.080 L120 

Imaginary. 






KoTB. — A part of the above ralaes of n, where determined ftom obeervation by the bolometer, are liable 
to error in the fourth decimal place. For probable errors of A, as obeerred, see Table D. "A Observed " is 
either from a direct observation or from an interpolation between two closely contiguoas observationa. 



* MoQtoD. Comptes ReDdus, tome 89, page 297, tome 88, page 1190. 

t This formula has tbe practical ioconvenience of leading to cabic equations either in m* or A.', the solation of 
which is so tedious as to forbid its use where many places are to be independently found. I have been aided in the 
present lengthy numerical coipputations by Prof. M. B. Goff. 
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It is evident that Briot's formula, though not exact, yet gives results much more trustworthy 
than the others considered, and it was employed in constructing provisional maps of the normal 
spectrum from the prismatic until an apparatus was completed for determining the wave-lengths 
of the invisible rays by direct measurement. 

We must evidently conclude, from the numbers in Table F and from the curve in Plate XIX 
which embodies them, that we in reality can scarcely assign any limit to the extent of the infra-red 
prismatic spectrum, and that, far from the curve having an asymptote parallel to the axis of X, as 
Cauchy's theory requires, our curve, so far as we can follow it, rather t«nds to ultimately coincide 
with a straight line cutting the axis at a finite angle, and (if this axis pass through the point n=:l) 
at a great distance from the origin. 

With the danger of extra-polations presented to us in such examples as have been cited, we 
shall not attempt to generalize the results of our observations further than to remark that, for the 
prism in question, we find that the deviation tends within the limits of observation to become pro- 
portional to the wave-lengths as the deviation diminishes, and that, as far as we can see at pres- 
ent, there is scarcely any limit to the wave-length our prism can transmit except that fixed by its 
absorptive effect. 

The approximate limit of the solar spectrum of the Hilger prism is at n = l .5435, which, 
according to Briot's formula, corresponds nearly to 3^.4, but which, according to our bolometric 
observations, corresponds to an actual wavelength of 2/^.8. For this same point, as will be seen by 
Table F, the values by Cauchy's formula are impossible and those by Bedtenbacher^s formula are 
imaginary. 

We may add that Briot's formula gives a point of inflexion near X = 2fx. In other words, the 
curve, which up to near the limits of our chart (Fig. 2) has been convex to the axis of A, there 
becomes concave, and, as we find, would cut the axis near X = 16ju {i. e., forn == 1 X=i 16/i.O). These 
values of ours for Briot's formula rest, it will be remembered, on extrapolations founded on meas- 
ures in the visible spectrum. 

WAVE-LENGTHS OF COLD LINES IN INFBA-BED PRISMATIC SPECTRUM. 

The following values (in Table G) from Mouton, Abney, and Draper are the only ones I know 
previous to my own measures where the wave-lengths of any cold lines are given with approximate 
accuracy. Of these it is just to distinguish those by Abney as possessing a degree of exactness 
before unknown. There are some doubts about the band >l = 1.36 having really been observed 
before, but I have included this among those whose existence was known or suspected before 
my measures. 

The values here given were obtained by me in 1882, and first published in the Comptes Ken- 
dus for September 11, 1882, in the form of charts which were drawn from them. These charts 
were so much reduced by the engraver that, though these values are still determinable from 
them, it may be convenient to repeat them here in their original tabular form, with the addition 
of the probable errors : 
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Table G. 



TtUfle of dark hands in infra-red portion of spectrum. 



n (Hilger prism). ' d (Hilger prism). 



0.815 



0.850 



0.890 

0.908 
0.935 



1.5997 



1.5687 



1. 5678 

1.5674 
1..V168 



46° 39'. 



460 33'. 



46° 27'. 5 

4(P 25'. 
48° 21'. 



1.130 



1.5636 



46© I'.O 



1.270 
1.360 



1. 5616 
1.5604 



45° 49'. 
450 41'. 



1.540 

1.585 

1. 80&-1. 870 



1.983 
2.037 



1.5576 

1.5571 

1. 5544-1. 5535 



450 26'. 

450 22'. 5 

45O5'.0-45o I'.O 



1.5520 
1.5515 



440 53'. 
44° 49'. 



Remarks. 



This line T have certsiDly ieen. bat with difficulty. It 
is near the utmost limit of the visible ■pectrum. It 
appears to coincide with Captain Abney's Z and with 
Draper's a. 

On the very limit of visibility, or beyond it, there is in fact 
some uncertainty as to its naving been seen at all. Ap- 
parently agrees with Abney's 8540. 

Quite an inconspicuous line. Abnev has a heavy line 
near here; possibly correspondn to Draper's p. 

Inconspicuous; possibly a part of Draper s $. 

Very marked heo.vy line, and the first notable interraption 
of the energy curve. This line, if visible, would be 
much heavier than Fraunhofer's A. It marks the ex- 
treme limit of Draper's investigations, according to his 
own statement. It is identiliable also with a gap in La- 
mansky's curve, beyond which his thermopile detected 
some lieat beyond the lowent point reached by Draper. 
The Allegheny observations make it probable that it is 
of telluric origin. 

Still blacker and colder band than the preceding. This line 
is given by Monton aa having a wave-length of 1.230 (?), 
by Desainn of 1.13 (?). There is a ahading apparently 
caused by fine lines not ditt'erentiable by the Dolorofter 
on both sides of this band. It appears to agree with a 
gap in Laniansky 's curve and with Abney's^. Allegheny 
observationa make it probably of tellui^c origin. 

Inconspicuous line. 

Very remarkable band, or group of lines, shading off on both 
sides sliirhtly, but most toward the infhb-red. and almost 
absolutely cold and black. It appears to be identifiable 
with Abney's ^ and with the last gap in I«amanaky'a 
curve and possibly with Desains' 1m-43, or Mouton's 
1m.48« but it is so wide that there is some difficulty in 
determining the point to measure from. The coldest 
part of it seems t4t have a wave-length of 1.36. From the 
observations at Allegheny it is suspected to be of tellu- 
ric origin. 



I Inconspicuous lines. 



This is the great cold band originally discovered on Mount 
Whitney. It cuts the energy curve almost C4>mplt«t«ly 
in two at the sea-Ievol, but is not absnint'ely cold, and 
slight variations in the minute amount of beat recognixa- 
ble in it, by the bolometer, lead us to think it probably 
of telluric origin, although it was oiiginally discovered 
at an altitude of 12.000 feet. It is so broad that we can 
only give the limits of the wave-lengths at its coldest 
portion. We have designated this remarkable band as 
O, not that it is the last in the spectrum, but that it is 
the last of the great and conspicuous interruptions of 
the energy. 

Small but definite line. 

Small but definite line. These two lines are the last dis- 
covered by the bolometer, but the observable spectrum 
certainly extends beyond them to a wave-length of over 
2m-70 without any notable interruption of its energy, 
which gradually declines to the point Just mentioned. 
Beyond wave-lrnieth 2m-80 feeble isolated indications 
of energy have been suspected, but the study cannot be 
carried much further in our lower atmosphere. Beyond 
this point of 2m-80 the solar spectrum before absorp- 
tion probably extends to much greater wave-lengths. 
Beyond it, very probably the earth's own radiations into 
space are checked by its own envelope. 



DISTRIBUTION OP ENERGY IN THE NORMAL SPECTRUM. 



The curve d=(f)X given iu Plate XX enablen us to mark off a wave-length scale upon the map 
of the prismatic spectrum without any extrapolation between our present extreme points of 
observation, a deviation of 52^ 43' (corresponding to A=0''.344), and a deviation of 44° 25' (corre- 
sponding to A=2^.356), and also to construct a map in which the wave-length scale is an ordinary 
scale of equal parts, but in which the degrees of deviation, if represented, would be unequally 
spaced. Such a chart of the normal spectrum has, as we have already remarked, the advantage 
of being entirely independent of any particular prism or grating, and consequently of being 
directly comparable with all other maps of the same kind. 

Ify besides making a map of the normal spectrum, we wish to construct a curve representing 
the corresponding distribution of energy, a further consideration of the relations existing between 
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the two charta ia uec^aaary. The law of dispeTSion of the prism vausra the diatribatioa of esergy 
in its spectrum to be qnite difl'ereut from what would htive been observed with a diffraction 
grating.* Disregarding the absorbing aciion of the apparatus, the amonnt of beat between two 
definite wave-lengths, as between the A and B lines, should be tbe same in both spectra, provided 




the t«tal quantity of beat ia the aame in both. The area between any two ordinates of the caire 
in Plate XI (prismatic apectruui) may bo considered to represent tbe amonnt of beat in tbe part 
of the spectrum included between them, and tbe total area of tbe carve represents the total 
amonnt of heat. If, then, we suppose the area of the normal cur\'e required Ui be the same as that 
of tbe prismatic, tbe condition to be fulfilled by tbe former curve is that tbe area, included lietweeo 
the urdinates at any two wave-leugtlis, sball be equal to that iucladed between the same wave- 
lengths in the latter; and from tbia condition we van deduce a rule for effecting tbe required 
transformation.! 

Lay off upon a line A B (Fig. 19) any convenient distance and divide it into equal spaces to 
represent the normal wave-length scale, and upon a line G D, at right angles to the first, lay off 
tbe same distance and divide it into the same number of parts, Bi>aced acconling to the law of 

•J. W. Draper, PliilovopbicBl Maf;uziDv, volume it, page IW, 11*72. 

t Sm J. Milller, Poggundorff's Anouleu, Baud tlK> ; Lnndqaist, Pof^eodorff, Anoaleo, Bftod 155, tieit« 146 ; Moulon, 
ComptM Bsndus, tome t«g, }>age 29(1. 
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dispersion of the prism, as in the wavelength scale marked on the bottom of the prismatic chart 
(see Plate XI). Erect ordinates at the points of division, and mark them with the proper wave- 
lengths, beginning on both lines at the ends which lie nearest to each other, as in Fig. 19, where 
five ordinates are shown. Through the intersection of corresponding ordinates, draw the curve 
E F, and upon C D draw the curve of distribution of energy in the prismatic spectrum. 




niustrating' Principle of Transformatloa 
from the Piismatio to the Normal Spectrum. 



Let a, fig. 20, be a very small wave-length interval on the prismatic scale ; c, the same inter- 
val on the normal scale; and b and d, the average heights of the energy curves over the two 
intervals respectively; the shaded part of the figure representing therefore the portion of the total 
area included between these limits; ^is a portion of the curve EF, fig. 19. Then according to 

the condition of transformation 

cd = ab 
whence 

b : d :: c : a 
From geometrical considerations, 

c : a :: \ : tan ^ 

where ^ is the angle which the chord EF joining the intersections of the two pairs of ordinates 

makes with AB, consequently 

b : d ::l : tan ^ 
from which 

d = b tan ^ 

Now when a and c are indefinitely small 5 and d are the ordinates of the prismatic and normal 
energy curves respectively, at a given wave-length, and ^ is the angle formed by the tangent to 
EF at their point of intersection. Hence to find the height of the normal curve at a given wave- 
length, the corresponding ordinate of the prismatic curve must be multiplied by tan f . 
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Sach a construction was applied to the prismatic energy curve of the Hilger prixin, resulting 
in the following table (H), which exhibits for every tenth ot the unit wave-length : (U, the devia- 
tions of even wave-lengths in the spectrum of the Hilger prism ; (2), the ordinates of the prismatic 
curve of energy in this spectrum as given by observation with the bolometer (the dotted bounding 
curve of Plate XI), "prismatii? spectrum ^ ; (3), the values of tan ^ obtained by estimation from the 
plotted curve EF, fig. 19; (4), the onlinates of the normal energy curve, which, on being plotted, 
give the outer dotted curve in Plate XII ("normal spectrum"). 

Table H. — TahU for facilitating the construction of the normal energy curve when the dintribution rf the energy in thepiunnatie 

curve isgiren. 



A. 



0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.10 
1.20 
1.30 
L40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 




Frismatic rp ^ | Nnrmal 
ordioatea. •■••"*• ordinates. 



50 27 40 
48 34 00 
47 35 20 
47 03 00 
46 41 40 
46 25 40 
46 14 30 
46 04 30 
45 55 30 
45 46 40 
45 38 00 
45 29 30 
45 21 00 
45 13 20 
45 05 40 
44 58 10 
44 50 40 
44 43 20 
44 36 00 
44 28 40 
44 21 30 
44 14 30 
44 U7 30 
44 00 30 



6.5 

57 
134 
210 
266 
316 
342 
336 
311 
280 
251 
222 
193 
170 
147 
125 
103 

84 

67 

51 

36 

22 

10 
3. 



9.820 


64 


4.226 


241 


2.380 


319 


1.450 


805 


1.000 


266 
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The true normal energy curve with all its infle<itions, maxima and minima, is easily drawn 
after this dotted curve is plotted, for the parts of the ordinate of the latter below and above its 
Intersection with the former irregular curve bear the same proportion to each other as in the pris- 
matic spectrum, and we thus finally attain the object of the preceding labor. 

If, now, it is desirable to map the distribution of the energy on any other scale, such as that 
on which the abscissse are proportional to the times of vibration, this can be done with facility. 

Thus in the supposed instance we have only to find v- corresponding to each wave-length in order to 

1 dx 1 1 

get the abscissae, and (observing that since x now = . ^i = — a* ^ *^ "®® *^® multiplying factor vj 

to obtain the length of the hew abscissie from the old ineach instance. If the length of the new energy 
curve between the limiting perpendiculars (which now represent the reciprocals of the wave-length) 
is to be the same as in the old we must introduce a constant multiplier, n, writing the equation of 

the interpolating curve ar = v so that the multiplying factor l>ecomes — ^2 Thus if the limiting 

ordinates of the wave-length energy curve are A., A^, and we are to have the condition. 



then, 



Q.-0''^^'~^'' 



n = A, X A4. 

If the mean ordinate of any small area of the normal energy cur\e between any given limits, 
A«, A, is denoted by yi, and that of the corresponding area of the new curve by y, since the areas are 

to be the same, we have ^ I X'^A )^ ^ ('^•— '^t.)*!? whence y = "^-- x yi, which at the limit be- 

comes y = yi. Hence to obtain the new ordinates, the old ones must be multiplied by the recip- 



A* 
n ' 



rocals of the factors for abscissae, or by 

The curve EF, Fig. 19, if represented by a formula would give rise to an expression of the 
form ds=i{<p)Xj the abscissse measured along AB being projiortional to the wave-lengths, and the 
12636— No. XV 30 
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ordinates parallel to CD, to the deviations. It is therefore a curve similar to that in Plate XX, 

dd dn dd 
except that the abscissae and ordinates are drawn on dififerent scales. Since tan ^ = g^ = gr rf^ 

the factors for maltipljing the prismatic ordinates may be computed, provided the curve EF can 
be exactly expressed by a formula, and for the preliminary reduction this was done, the values of 

/in /7/7 ain X. In _l_ /?\ 

^ being computed from Briot's formula, and g- from the relation n = — ? , — When, how- 
ever, it was shown by the measurements of obscure rays that Briot's formula, obtained by obser- 
vations in the visible spectrum, does not exactly express the law of dispersion, the table of factors 
thus prepared, was of course abandoned and the graphical method described above was substituted. 
I have drawn in this way (on a smaller scale than that of the normal or prismatic curves, and 
following the smooth curve in the former as my original) four dififerent schemes for the distribu- 
tion of the energy. (See Plate XXI.) Fig. B represents the distribution of solar energy after 
absorption by our atmosphere on the scale of wave-frequency (general equation of interpolating 

curve ^=j} proposed by Mr. Stoney. Fig. C represents the distribution according to a proposal 

(a?=log A) of Lord Bayleigh. 

Fig. D is quite dififerent from any of the preceding. It gives the distribution on a scale I 
have never seen proposed, but which I have found useful. In this the bounding curve is a straight 
line parallel to the axis of X (^=:constant). This is not merely suggestive as illustrating what has 
already been remarked here as to the conventional character of the methods of showing the dis- 
tribution of the energy, but it has more practical uses. In this particular construction it is evi- 
dent in fact that the sums of the energies, between any two wave-lengths whatever, are directly 
proportional to the distance between the ordinates, measured on the axis of X. If, then, we desire 
(for instance) to know what relation the invisible bears to the visible heat, or to inquire about 
what point in the spectrum the energy is equally distributed, &c., these and similar problems are 
solved through Fig. D by simple inspection. 

I have not been able as yet to repeat the preceding determinations upon the lower part of the 
spectrum as often aa I could wish. They are susceptible of improved accuracy by still longer 
experiment, but I think that within the limits of error indicated they may already be useful. I 
should add that throughout this investigation I have received constant and valuable aid from Mr. 
J. E. Keeler, not only in the graphical constructions, but in the experiments and in the computa- 
tions, through all the details of which his aid has been more that of a coadjutor than an assistant. 

Allegheny Obseevatoey, 

Alleghenyj Pa.^ October^ 1883. 

NOTE. 

Since the above was in type I have seen the interesting article by Mr. H. Becquerel in the 
Annales de Chimie et de Physique, for September, 1883. 

The wave-lengths assigned by M. Becquerel to the band at the limit of his researches, 1,440 
to 1,500, appear to me too great, for this limit corresponds to the band whose wave-length is 
given at l''.3G to 1''.37 on my chart, published in the Gomptes Bendus of the previous year (Sep- 
tember 11, 1882), and on a larger scale in the American Journal of Science, for March, 1883, and 
in the Annales de Chimie et de Physique, for August of this year. I regret that M. Becquerel has 
not read the article in the Comptes Rendus. Had he done so he would have seen that the wave- 
lengths there given were not conjectural, but directly determined by a very laborious but the only 
practical method from the direct use of a grating. They were the result, in fact, of the measure- 
ments I have just described, and were specially intended to give information about the unknown 
region extending be^'ond the limit of M. Becquerel's researches, such as the great newly discovered 
band /2, for instance, which stretches from wave-lengths 1 ''.80 to 1 ''.90, while M. Bex)querel's furthest 
band, as I have said, is at 1''.48. The present memoir will show what degree of reliance may be 
placed on these measurements. 
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It 18 anderstood that a photographic map of the spectnim to 1^.6 (and therefore ooreriDg the 
groand of M. BecquereFs paper, bat not extending as far as my ^^JOi^)^ will shortly be published 
from the joint labors of Professor Rowland and Captain Abney, and as their results will probably 
be accepted on all hands as more exact than the preliminary explorations in which M. Becqaerel 
and myself have been engaged, we may await its appearance for the determination of a part of the 
points in question. 

i would call attention to the fact that M. Becquerel has stated that the farthest band known 
to him in September, 1883 (except from my own researches), had a ware-length of not over 
1/1.50, according to his own estimate. 



APPENDIX 3. 

EXPEBIMENTAL DETERMINATION OP THE INFLUENCE OF CONVECTION CUR- 
RENTS UPON THE LOSS OR GAIN OF TEMPERATURE BY A THERMOMETER 
BULB. 

Several series of experiments were 'made to ascertain the difierence in the rate of heating or 
cooling of a thermometer bulb in air and in vacuo. The bulb was inclosed in the center of a thin 
copper globe 5 centimeters in diameter, the stem and an exhausting tul)e of glass being sealed. 
The apparatus was connected to an ordinary Sprengel-s pump, and a vacuum made to within half 
a millimeter of mercury. The glass tube was then sealed in the flame of a lamp and the whole 
was immersed in hot water kept constantly stirred, the temperatures of the water and of the inner 
thermometer being n* conled from minute to minute. A minute portion of the heat acquired by 
the inner thermometer is received by conduction along the glass stem, and a very small amount 
by the convection of the trifling quantity of air remaining; but by far the greater part is radiated 
to the bulb from the copper globe, which is blackeneil within. The repetition of the exi^eriment 
with the globe sealed but full of air enables us to discriminate between the effect of radiation and 
of convection. The first experiments were made with a thermometer (Green, 4584) graduated from 
0^ to 60^ C. in tenths of a degree, having a clear spherical bulb L227 centimeters in diameter. 
The succeeding ones were carried on with a blackened bulb-thermometer (Baudin, 8737) which has 
been used in the large VioUe actinometer in the measurement of. solar radiation. The observers 
had acquired expertuess by much previous practice in reading to hundredths of a degree, and a 
single hundredth will represent more than the probable error of one reading. 



lUr«k 27. 1883. 



Tbemoneter in raeu4f=GTten, 4584. Obaerrer. J. £. Keeler. S. P. Laogley recording. Tempenitare of w^ter obuined by 
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In the above the copper glob^ was dipped in the water at least 30 seconds before the first 
reading. The temperature of the water itself was taken every luiuute, and minute irregularities 
found corrected by a smooth curve, the ordinates of which give the values in the column headed 
" Temperature of water.^ 

[Repetition of last experimeut with air io copper i^lobe. Barometer, 731 millimeters. All else as before.] 
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[March 27, 1883. 



Thermometer in rocuo^Baudin, 8737. Observer, J. E. Keeler. S. P. Langley, recording. The copper globe was dipped in 

the water 1 minute before the first reading!] 
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Copper globe dipped in cold water. 
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[ Ki-petitiun of last experiment with air in copper globe. All else an before.] 
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1 Marob 80, 1883: Tbermometer in vacuo — Baadin, 8737. Water thermometer = Green, 4586. Obeerver, F. W. Very ; 8. P. Langley recording. 

Temperature of room = 22° to 24<^ Centigrade. Inclosed thermometer read when dipped.] 
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[Repetition of last experiment with air in copper globe. Barometer =725**. Temperature of room =22^. All else as before.] 
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^0. *«- 


1 00 


3.*>. 10 


11.98 


23.12 


1.94J 


1 00 


a36 


27.26 


2a 90 


ao4 




1 15 


35.08 


ia63 


21.45 


1.67) 


1 15 


a38 


2a 06 


21.70 


a2oi 




1 30 


35.06 


iai8 


19.88 


i:S h^o, 


1 80 


a 41 


2a 46 


20.06 


1.65 


« a« 


1 45 


3a 04 


16 35 


ia69 


1 45 


a 43 


22.48 


iao5 


i.oof"-*' 

1.51J 


2 00 


3a 02 


17.60 


17.42 


1.27. 1 


2 00 


a 45 


20.98 


17.54 


8 00 


84.95 


21.35 


ia60 


a82 


3 00 


a55 


ia52 


ia97 


4.57 


4 00 


34.87 


24.48 


laao 


a 21 


4 00 


a64 


ia38 


a 74 


a23 


5 00 


34.80 


2a 92 


7.88 


2.51 


5 00 


a 73 


11.02 


7.29 


a 45 


6 00 


34.72 


2a 70 


ao2 


1.86 


6 00 


a82 


a 31 , 


a 49 


1.80 


7 00 


84.65 


30.01 


4.64 


1.38 


7 00 


a 91 


a 13 ' 


4.22 


1.27 


8 00 


34.57 


30.97 


a 60 


1.04 


8 00 


4.00 


7.20 


a20 


1.02 


9 00 


34.50 


31.62 


2.88 


.72 


9 00 


4.09 


a4i 1 


a:)2 


.88 


10 00 


34.42 


32.12 


2.30 


.58 


10 00 


4.19 


a92 


1.73 , 


.59 


11 00 


34. Si 


32.48 


1.86 


.44 


11 00 


4.28 


aoo 


1.32 


.41 


12 00 


34.27 


32.76 


1.51 


.85 


12 00 


4.87 


a 24 


.87 


.45 


13 00 


34.20 


92.98 


1.22 


.29 


13 00 


4.46 


ao2 


.56 


.31 


14 00 


34.12 


33.07 


1.05 


.17 


14 00 


4.56 


4.89 


.33 


.23 


15 00 


34.05 


33.16 


.89 


.16 


15 00 


4.64 


4.80 


.16 


.17 1 


16 00 


3a 98 


33.21 


.77 


.12 


16 00 


4.72 


4.72 

1 


.00 




.16 



* Intervals irregular. 

Id the last foar neries, readings every 15 seconds for the first 2 minates were attempted ; the 
intervals of time were, however, somewhat irregular, as the observe<l rates of heating or cooling 
show ; but the observations are sufficient to prove that the copper globe acquires the tem|>eratare 
of the surrounding water very rapidly; indeed, it must practically do so in a single second, since 
the rate of heating or cooling for the first 15 seconds agrees fairly, at least within the limits of 
errors of observation, with the subsequent rates. 

According to the law of Newton, radiation is proportional to temperature, and it is very com- 
monly assumed that within the limited nmge of temperature, with which we are here dealing, all 
losses are proportional to temperature also. This cannot be really the case in theory, and it 
does not appear to be so in practice from the observations of Dulong and Petite Considering the 
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importance of the subject in oar actinometric investigatioDs, we have thought it desirable to make 
a series of experiments on the rates of heating and cooling in air and in vacao with the thermometers 
actually used at Mount Whitney and elsewhere, and it is the results of these which we have just given. 
In the assumption just alluded to, the loss of heat during a time, dtj is proportional to the excess of 
temperature, ^, whence ^=0 €~™^ This is the equation of a logarithmic curve in which the tempera- 
tures of excess at equal intervals of time should bear a constant ratio to each other. We may deter- 
mine whether it is a logarithmic curve by any of its characteristic properties, but conveniently here 
by noting whether the subtangents are constant, as in this case they should be. We can calculate 
these actual subtangents from the equation just given, or we can draw smooth curves through the 
points represented by the preceding observations, pass a logarithmic curve through three points 
in the smooth curve^ and thus determine the logarithmic curve most nearly agreeing with the 
observed one. We then find the subtangents of the latter and determine how far and in what 
way the actual curve agrees with that which would be given if all losses were strictly in propor- 
tion to temperature. The results of this latter procedure are given in the two following tables: 

TahU of subtangefits ehowhtg the rate of heating and cooling, 
OBSERVATIONS OF MARCH 27. 1883. 



t 

1 


Heating in 


H6ating in 


f 


vacuo. 


air. 


• 


Snbtangents 


Sabtangenta 


o 
a 


from smooth 


from smooth 


' 3 

1 


cnrve. 


curve. 





6.40 


4.40 


1 


e.30 


4.15 


2 


5.80 


3.80 


3 


5.55 


3.75 


; 4 


5.34 


3.75 


5 


5.10 


3.75 





4.90 


3,75 


1 '^ 


4.80 


3.75 


' 8 


4.70 


3.75 


9 


4.60 


3.75 


10 


4.60 


3.75 


1 11 


4.65 


8.75 


1 12 


4.80 


8.7o 


1 13 


5.00 


3.75 


1 

1 


5.40 

1 


3.76 



« 





1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 



Cooling in 


1 
Cooling in 


vacuo. 


air. 


Subtangents 


Subtangents 


from smooth 


fh>m smooth 


curve. 


curve. 


5.30 


2.90 


5.38 


3.25 


5.45 


3.55 


5.50 


8.68 


5.60 


3.70 


5.70 


3.75 


5.75 


3.75 


5.80 


a 75 


5.90 


3.75 


5.95 


3.75 


6.05 


3.75 


6.15 


3.75 


6.28 


3.75 



5.38 


5.45 


5.50 


5.60 


5.70 


5.75 


5.80 


5.90 


5.95 


6.05 


6.15 


6.28 


6.56 


6.70 





3.75 
3.75 
8.75 



OBSERVATIONS OF MARCH 30, 1§|B3. 



a 

a 





1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 



Heating in 
vacuo. 



Heating in 
air. 



I Subtangents - Subtangents 
fi*om smooth ' from smooth 
curve. ' curve. 



5.85 
5.70 
5.50 
5.40 
5.35 
5.25 
.5.23 
.^22 
5.23 
5.25 
5.30 
5.35 
5.45 
5.50 
5.70 
5.85 



3.60 
3.60 
3.60 
8.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 





a 





1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 



Cooling in 
vacuo. 



Cooling in j 
air. I 



Subtangents i Subtangents 

fh>m smooth | from smooth 

curve. I curve. 



5.22 
5.22 
5.22 
5.22 
5.22 
3.22 
5.22 
5.22 
5.22 
5.22 
5.22 
5.22 
5.22 
5.22 
5.22 
5.22 



8.35 
3.45 
3.50 
3.55 
3.60 
3.65 
3.70 
3.72 
a 74 
3.75 
3.74 
3.70 
3.65 
«S. Do 
3.48 
3.35 



In these tables the progressive dififerences in the subtangents, though not excessive, on the 
whole indicate a ^departure from the logarithmic law. 

A methdl, perhaps in some respects preferable, is the drawing of supplementary curves in 
which the rates of heating or cooling, for each excess of temperature, are made the ordinates 
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These ordinates should fall on a straight line in case the curve is a logarithmic one. They do so, 
in fact, in the case of the heating and cooling in vacuo within the limits of observation ; but in the 
case of the heating and cooling in air, there is a slight but systematic departure, indicating that 
the loss by convection is not proportional to the excess of temperature, but that, for ordinary air 
pressures, the convection increases with great rapidity until the difference between the tempera- 
ture of the thermometer and its enclosure is as much as 10 or 15 degrees Centigrade, after which, 
for still greater differences the convection increases at a smaller and nearly constant rate. It is 
thus shown from these observations that Newton's law, although nearly representing the loss by 
radiation alone for slight excesses of temperature, does not hold good for all losses, a deduction of 
importance in relation to the theory of the globe actinomiter, of which we have made so much use. 
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